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These ‘picture-words’ represent a primitive classification of 
urines used by early Babylonian and Egyptian physicians. 


centuries to perfect 
seconds to perform 


When Sumerian and Babylonian physicians, circa 4000 B.C., noted the 
varying colors and constitutions of the “water of the phallus,” they were 
probably not the first uroscopists in history. They were assuredly not the 
last, for fifty-odd centuries were to elapse before Fehling’s first paper on the 
copper reduction test for urine-sugar appeared in 1848. 

But centuries to perfect diagnostic procedures are condensed into seconds 
to perform the reliable Climitest® method for urine-sugar levels. From start 
to finish, the test takes less than a minute. This tablet method is simplicity 
itself . . . readily learned by every diabetic patient. External heating is 


uniquely eliminated by the Clinitest procedure. Routine test interpretation 
is made easy. 


for urine-sugar analysis 
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What do you demand in a toxoid, Doctor? 


small dosage volume? As an example, consider the superiority of the new, 
purified Dip-Pert-Tet*—for simultaneous immunization 
purl t y ? against diphtheria, pertussis, and tetanus: 
1. Immunization routine is simplified with three injections of 
concentrated potency? 0.5cc each at monthly intervals. 


h ig _— tigenici ty 9 2. Purified texeids assure virtual freedom from reactions due 


to bacterial protein components. 


3. Alhydrex**—CUTTER’S exclusive adsorbing agent— 
results in a more solid immunity, fewer post-injection reactions, 


Of course, doctor, you want the best possible 


combination of these advantages. and less pain on injection. 

Research and manufacturing know-how of When single immunizations are indicated or booster 
CUTTER, first producer of combined toxoids, shots are required, there is a PURIFIED TOXOID— 
have developed in their new purified toxoids CUTTER-—available in both single and multiple dose 
products which meet all of your demands. packages. Your pharmacist has them in stock. 


*Dip-PERT-TET—Cutter’s diphtheria and tetanus toxoids and pertussis 
vaccine combined for simultaneous immunization against diphtheria, 


pertussis, and tetanus. 

Alhydrox— Trade name for aluminum alhydrox adsorption, 
exclusive with CUTTER. 


CUTTER LABORATORIES » BERKELEY, CALIFORNIA 
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A reasonable number of illustrations are 
supplied free of cost; special arrangements 
must be made with the editor and publishers 
for excess illustrations and elaborate tables. 
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LUMETRON 


Hemoglobin and Glucose Meter 


A photoelectric instrument of high accuracy 
for test and for the determination 
of glucose in blood, spinal fluid, and urine 


Reliable glucose readings from finger-tip blood 
with Nelson arsenomolybdate reagent 


Simplified urine glucose test according to Somogyi 
Dilute with Na:COs, boil, and measure 


Easy in operation 
Compact in design 


Indispensable for 
doctors’ offices, hospitals, 
and clinical laboratories 


Ask your dealer for demonstration or write to 


PHOTOVOLT CORP. 
95 Madison Ave. New York 16, N.Y. 


prescribe Bromural for daytime sedation, 
one tablet every three to five hours. For 
sleep, 2 or 3 tablets upon retiring or 
when wakeful during the night. 


BROMURAL, brand of Bromisovalum, mono- 
bromisovalerylurea, is available as 5-grain tab- 


lets and in powder form. 


ORANGE, NEW JERSEY 
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RESINAT’S RESULTS WITH ANY OTHERS RAPY 


Mounting clinical evidence continues to 
support claims as to the efficacy of 
RESINAT. The latest report on 120 patients 
treated with RESINAT, demonstrates com- 
plete symptomatic relief in 48-72 hours 
and regression of the ulcer crater in 2-4 
weeks in the majority of cases.’ 

RESINAT: 


1. Is completely 


2. Acts 1s an 
3. Coats the 
4. Does not. €a 
5. Produces 
jectionable side eF 
RESINAT has been Gm 
approach to the ideal anta 
RESINAT is available in Capsu ed by other substance. 
Gm.) , Tablets (0.5 Gm.), Powder(1Gm.). 


Resins in the Treatment of Peptic Ulcer, 
Review of Gastroenterology, 16:501- 509, 


June, 1949. 


Literature and 
samples available 


RESINAT PATENT PENDING 


completely nontoxic anion exchange resin 


FOR PEPTIC ULCER 


THE NATIONAL DRUG COMPANY, PHILADELPHIA 44, PA. 


Manufacturers of 


Pnotograph of mucosa 


| Pharmaceutical, 

Biological and 
Biochemical Products 

for the Medical Profession 
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writing an exact man. 


Reading maketh a full man, 
conference a ready man, and 
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New 2nd Edition Just Published 


CLINICAL DIAGNOSIS 


BY LABORATORY EXAMINATIONS 
BY JOHN A. KOLMER, M.D., F.A.C.P. 


Professor of Medicine, Temple University, School of Medicine and 
School of Dentistry; Director, Research Institute 
of Cutaneous Medicine, Philadelphia 


REWRITTEN—REVISED—ENLARGED 


including Acid Phosphatase Determinations—Blood Tests in Alcoholism—Posterior 
Pituitary Infection Kidney Function Test—Secretin Test for Pancreatic Dysfunction— 
Cephalin-Cholesterol Flocculation, Thymol Turbidity, Tyrosine Tolerance and Pro- 
thrombin Liver Function Tests—Differential Laboratory Diagnosis of Jaundice—New 
Tests for Bilirubinuria, Urobilinogenuria, Infectious or Viral Hepatitis, Hemologous 
Serum Jaundice and Cancer—Tests in Sulfonamide and Antibiotic Therapy—Hr and 
Rh Blood Factors—Anti-Rh Agglutinins and “Blocking” Antibodies in Relation to 
Pregnancy and Blood Transfusion—Conglutination— 


AND ALSO 


Rickettsial Agglutination Tests—Rickettsialpox—Complement Fixation Tests in Mumps, 
Histoplasmosis, Yellow Fever, Psittacosis and Ornithosis—Skin Tests in Drug Allergies, 
Mumps and Histoplasmosis—Agglutinin Inhibition Test in Influenza—Primary Atypical 
Pneumonia and the Cold Agglutination Test—The Specificity and Sensitivity of Serologic 
Tests and Cardiolipin Antigen in Diagnosis of Syphilis, including the Masking or Suppres- 
sion of the Disease by Penicillin for the Treatment of Gonorrhea, Piedra, Rhinosporidio- 
sis, Geotrichosis, etc. 


OF GREATLY INCREASED VALUE TO 


physicians, surgeons, clinical pathologists, technologists, and particularly teachers and 
students in professional schools 


FOR ITS INTERPRETATIONS AND PRACTICAL APPLICATIONS 


of medical tests and examinations based on latest knowledge of biochemistry, clinical 
pathology, toxicology, bacteriology, mycology, parasitology and serology in diagnosis 
and differential diagnosis. 


PUBLISHED OCT. 1949. 1235 PAGES. 187 ILLUSTRATIONS. $12.00 


Published By 


APPLETON-CENTURY-CROFTS, INC., 35 W. 32nd Street, New York 1, N.Y. 
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NEW NELSON MEDICAL BOOKS 


TEXTBOOK 
OF VIROLOGY 


A. J. RHODES, M. D. 
F.R.C.P. (Edin.) 


Research Associate and Associate Professor 
of Virus Infections, University of Toronto 


C. E. van ROOYEN, M. D. 
D. Se. (Edin.), M.R.C.P. (London) 


Research Professor and Professor 
of Virus Infections, University of Toronto 


The first textbook on the subject of 
virology! A timely volume, whose 
deep importance cannot be stressed 
too much. In a simple, straightfor- 
ward manner this book presents the 
salient features of the common viral 
and rickettsial diseases affecting 
man. It is a perfect text for student 
and teacher, written by the dis- 
tinguished authors of VIRUS DIS- 


ATOMIC MEDICINE 


RADIOACTIVITY IN 
PEACE AND WAR 


C. F. BEHRENS, M. D. 
Captain, MC, U.S. Navy 


Director, Atomic Defense Division 
Bureau of Medicine and Surgery 


EDITOR 


ATOMIC MEDICINE is every- 
thing its title implies. It covers every 
phase, from disaster relief to the 
broad frontiers of discovery, experi- 
ment and healing which were opened 
to the scientific world when the 
atom was smashed. 


ATOMIC MEDICINE is a book to 
be read by every scientist, every 
teacher, every student .. . every- 
one with an interest in the limitless 
future of science! 


EASES OF MAN. 

320 pages 40 illustrations S68 pages 90 illustrations 

9 tables 41 chapters 20 contributors 
THOMAS NELSON & SONS M | 

BOOKST ew Yor 

eS OnE Please send me the following books: 
| OR TEXTBOOK OF VIROLOGY $5.00* | 
ATOMIC MEDICINE $7.50* 
USE THIS COUPON Send Invoice [] Check herewith | 


* Slightly higher outside the U.S.A. 
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THE SKIN DISEASES MODERN DISCOVERIES IN 
A new manual on dermatology in- MEDICAL PSYCHOLOGY 


tended as a guide to diagnosis for A book presenting an impartial description of 
students and as a reference book 


for practitioners. The whole field of 
dermatology is considered but the 
common diseases are given more 


modern psychological views and fundamental 
facts regarding psychological theories and the 
history of their discovery and formulation. It 


prominence and treatment methods begins with Mesmer and moves through the 
for the most part are those which various phases of psychology up through the 
can be_ undertaken in_ private work of Wagner-Jauregg. 
practice. 

by Clifford Allen, M.D., M.R.C.P. 
by James Marshall, M.D., M.R.C.S., L.R.C.P. 1949 2d ed., 236 pp. $3.00 
1948 363 pp., illus. $7.50 


DISEASES of the EYE 


A modern, safe, reliable introduction to diseases of the eye for students, 
general practitioners, and junior opthalmic surgeons who are required 
to know the essentials of opthalmology and its clinical practice. 


by Sir John Herbert Parsons, D.Sc., F.R.C.S. and Sir Stewart Duke-Elder, M.D., F.R.C.S. 


1948 11th ed., 732 pp., illus. $7.00 


THE VENEREAL DISEASES 
SOCIAL BIOLOGY and WELFARE A manual for practitioners and stu- 


dents revised to provide the latest 
information on the use of penicillin 
and rapid arsenotherapy in the 
treatment of the venereal and allied 
diseases. The numerous illustrations 
and the portion on practical instruc- 
tions greatly enhance the book's 
value. 


A book containing graphic material on social 
work and current problems of social hygiene, 
the justification of the biological approach, 
values, the individual, age cycle and be- 
havior pattern, sex behavior, family rela- 
tionships, prostitution, venereal diseases, 


health and behavior. 


by Sybil Neville-Rolfe 
1949 416 pp. $4.50 


MACMILLAN 


60 Fifth Ave., New York 11, N.Y. 


by James Marshall, M.D., M.R.C.S., L.R.C.P. 
1949 2d ed., 369 pp., illus. $3.50 
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NOW! 


crystalline 


Sodium Penicillin G 


by Tongue. by Lung. by G.I. Tract 


By Tongue: By Lung: 

Sublingual PENALEv tablets (50,000 or Potent penicillin G aerosol solutions 
100,000 units) are rapidly absorbed, quickly can be prepared readily by dissolving 
create therapeutic penicillin blood levels. PENALEV tablets in water or normal saline. 


(iim 


By G. I. Tract: Penalev 
PENALEV tablets dissolve promptly and Soluble tablets sodium penicillin G: 50,000 and 
completely in milk, fruit juices, or infant 100,000 units; vials of 12 tablets crystalline. 
formulas, without appreciably changing their tastes. Sharp & Dohme, Philadelphia 1, Pa. 
Pe al eC \ ® 
Soluble Tablets Crystalline 


Sodium Penicillin 


Len; 
TA 
WSTALLINE SEE 
PEWICILLIE 
50.000 Us 
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Dual 
Sulfonamide 


Therapy 


Each teaspoonful (5 cc.) of 
Aldiazol-M provides: 


Sulfadiazine 
(microcrystalline)...0.25 Gm. 


Sulfamerazine 
(microcrystalline) ...0.25 Gm. 


Sodium Citrate....... 1.0 Gm. 


With Aldiazol-M, adequate sulfonamide dosage 
may be administered with utmost therapeutic ad- 
vantage and with minimal danger of crystalluria. 
Providing both sulfadiazine and sulfamerazine in 
equal amounts, it permits greater total urinary 
sulfonamide saturation. Thus the risk of crystal 
precipitation is reduced, even when large amounts 
are given. 

Because its sulfonamides are in microcrystalline 
form, Aldiazol-M leads to rapidly attained initial 
levels. Thereafter therapeutic blood levels are main- 
tained on a dosage of 2 teaspoonfuls every four 
hours (1 Gm. of total sulfonamide). The presence 
of sodium citrate in Aldiazol-M makes unnecessary 
the administration of other alkalizing agents. 

Aldiazol-M is indicated in many infectious dis- 
eases which respond to sulfadiazine and sulfa- 
merazine. Pleasantly flavored, it is especially useful 
in pediatric practice. 


THE S. E. MASSENGILL COMPANY 
Bristol, Tenn.-Va. 
NEW YORK e SAN FRANCISCO e KANSAS CITY 


| 
in | B 
CS 
| 
| 
| 
| 


17 


improved 
Medicine drop- 
Pers, amon 9 
other measures, 
urgently re. 
quired to assist 
Patie Ntsin 
Clinical utijiza- 
tion of contro}. 
led amounts of 
nose drops.’ 


Am. J.M. 
217: 462 (April) 1949 


JETOMIZER makes it possible to administer 
nasal medication efficiently and with optimum 


J ETO M IZ E R safety and convenience. 


Distributes medication throughout the 
Superior nasal airways 


®@ Minimizes danger of serious overdosage 
e No risk of injuring delicate tissue 
@ Easy to use—reclining position unnecessary 


sprays e Patients cooperate willingly 
@ Solves the nose-drop problem with children 


to 


droppers 
or 


Wyelt\ WYETH INCORPORATED, PHILADELPHIA 3, PA. 


Fabri 
cant, N.D.:The 
Medica 
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Selftester = 


dorectios 
suger in orin® — 
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For the public good 


The health and well-being of at least 1,000,000 Americans depends upon their dis- 
covery and treatment as diabetics. The American Diabetes Association is directing 
the year-round Diabetes Detection Drive to find the “1,000,000 unknown diabetics” 
and guide them to their own physicians for treatment. 


(TRADEMARK) 
brings those with glycosuria to you for diagnosis. 


A simple home screening test 


tester* is a new approach to 1. The Selftester does not diagnose diabetes or any other disease. 
this detection problem. Like the Its sole function is the detection of sugar (glucose) or sugar-like substances. 
Clinical thermometer, it is sold 2. If reaction is positive, see your doctor at once. Sugar in your 
directly to the public through urine does not necessarily mean you have diabetes (nor does a negative 
drugstores. Also like the ther- result definitely exclude the presence of disease). But only your doctor, by 


mometer, it does not give a di- medical examination and by additional laboratory tests, can tell why you 
agnosis, but only a warning. | show sugar. 


rue ames Selftester to detect | 
CLINITEST® to control 


Brand + Reagent Tablets 


*Approved by the Council of the American Diabetes Association and accepted for advertising in 
publications of the American Medical Association. 


AMES COMPANY, INC ¢ ELKHART, INDIANA 
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New type 


antacid 


bn 


management 


Ciba 


peptic ulcer 


Carmethose gives prolonged 
control with no adverse effects 


Carmethose promptly lowers gastric 
acidity, and its protective tenacious coat- 
ing has been observed in the stomach 
for as long as three hours.! 


Adult dose is 2 to 4 tablets or tea- 
spoonfuls 4 times daily between meals. 


Carmethose Tablets: sodium carboxymethylcellu- 
lose,225mg. and magnesium oxide, 75mg. Bottles of 100 


Carmethose Liquid: 5% concentration of sodium 
carboxymethylcellulose. Bottles of 12 oz. 


PHARMACEUTICAL PRODUCTS, INC., SUMMIT, NEW JERSEY | 


CARMETHOSE—Trade Mark 2/1804m 


Advantages over adsorbent gels: 

1. Non-constipating — hydrophilic gel 
promotes normal elimination.!:?2 

2. Reduction of acidity in two ways— 
prompt action by ion exchange 
is followed by classical buffering 
action. 

3. Palatable — small, easily swal- 
lowed tablets and pleasantly fla- 
vored liquid— preferred by patients.? 


Advantages over soluble alkalis: 

1. No acid rebound—effectively in- 
hibits acid-pepsin activity, with no 
secondary hypersecretion. 

2. Protective coating—mucin-like gel 
is rapidly formed and clings to ulcer 
crater and gastric mucosa. 

3. Non-systemic — cannot disturb 
acid-base balance because it is non- 
absorbable. 


1. Brick, 1.B.: Amer. J. Dig. Dis., Jn Press 2. Bralow, 
Spellberg & Necheles: Scientific Exhibit #1112, A.M.A. 
Annual Session 1949 
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IRWIN, NEISLER & CO. 


& CRITERIA IN MIND... 


“Of all the drugs used to lower blood pressure in essential hypertension, veratrum 
viride (VERTAVIS) has produced the most marked reduction of blood pressure in 
the greatest number of patients.”’' 


The hypotensive response to VERTAVIS “was usually accompanied by symptomatic 
relief .. . more objective signs of improvement were evidenced by a diminution in 
cardiac size, occasional reversal of the left ventricular strain patterns in the elec- 
trocardiogram and clearing of hemorrhages and exudates in the optic fundi.'"' 


VERTAVIS was found to be a useful therapeutic agent in the treatment of patients 
with (a) “hypertensive crisis,’ (b) severe, long-standing hypertensive disease which 
proved resistant to other forms of treatment, and (c) hypertension complicated by 
cardiac failure.2 


VERTAVIS in tablet form contains veratrum viride os the whole-powdered drug, selected 

and collected under rigid controls, and biologically assayed in CRAW UNITS —an 

Irwin-Neisler research development. 

Supplied: Vertavis 10 Craw Units; Vertavis with Phenobarbital; Vertavis 5 Craw Units. 
In bottles of 100, 500, 1000. 


1. Freis, E. D.: Med. Clin. N. Am. 32:1247-1258, 1948. 

2. Freis, E. D., and Stanton, J. R.: Am. Heart J. 36:723-738, 1948. 
NOTE: Illustrated brochure on clinical findings, indications and administration of VERTAVIS 
in severe hypertension sent on request. 


DECATUR, ILLINOIS 
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now, better relief with... 


a distinctive, 
new, non-narcotic 
antitussive-expectorant 


At last, something really new in cough syrups 
... something completely rational . . . clinically 
sound .. . Robitussin ‘Robins’. Robitussin employs 
glyceryl guaiacolate and desoxyephedrine 
hydrochloride, in a palatable 

aromatic syrup vehicle. 


Glyceryl guaiacolate has proven an effective 
aid to expectoration, and a cough ameliorator 
with prolonged action, through its increase in 
and thinning of respiratory tract fluid;'-?-3 yet it 
has no ill effect upon digestion.' 


Desoxyephedrine’s sympathomimetic action is 
also well recognized*->-°; by relaxing spasm of 
the bronchial musculature and helping maintain 
normal respiratory smooth muscle tone, 

it greatly minimizes the provocation of cough 
from spasm.? At the same time it affords relief 
from psychic depression or a feeling of fatigue. 


The syrupy vehicle, with its aromatic volatile 
oils, has a local demulcent effect. Furthermore, it 
assures patient cooperation by providing a base 
which makes Robitussin one of the most 
palatable of all antitussive-expectorants. 


You will find Robitussin ‘Robins’ an exceptionally 
efficient, safe, therapeutic tool in the manage- 
ment of cough—for both adults and children. 


Robitussin 


FORMULA: Each 5 cc. (1 teaspoonful) 
of Robitussin contains: 

Glyceryl Guaiacolate . . . 100 mg. 
Desoxyephedrine Hydrochloride... 1 mg. 
In a palatable aromatic syrup. 


DOSAGE: Children: one-half to one teaspoonful, 
a according to age, three or more times daily. 
f = Adults: one or two teaspoonfuls, as necessary 


oy SUPPLIED: Pint and gallon bottles. 


REFERENCES: 1. Connell, W. F. et al: Canadian Med. 
clinically proved! 


Assoc. J., 42:220, 1940. 2. Perry, W. F. and Boyd, E. M.: 
J. Pharm. Exper. Ther., 73:65, 1941. 3. Stevens, M. E. et al: 
Canadian Med. Assoc. J., 48:124, 1943. 4. Foltz, E. E. 

et al: J. Lab. Clin. Med., 28:603, 1943. 5. Graham, B. E.: 
Ind. Eng. Chem., Ind. Ed., 37:149, 1945. 6. Schulz, F. 

and Deckner, S.: Klin. Wochschr., 21:674, 1942. 
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Until there are mechanical means for winding- 
up the failing heart... consider this: 
Nativelle isolated Digitaline to minimize 
the disadvantages of whole leaf. He 
replaced variable results with the 
predictable effects of dosage by weight. 
Digitaline Nativelle digitalizes in a few 
hours and maintains the maximum efficiency 
obtainable. This maintenance is positive! 
Complete absorption and a uniform 

rate of dissipation provide full digitalis 
effect between doses. Elimination of crude 
substances virtually eliminates side effects. 


Digitaline Nativelle 


Chief active principle of digitalis purpurea (digitoxin) 


Ease of Administration 
RAPID DIGITALIZATION: 1.2 mg. in equally divided doses of 0.6 mg. at three-hour intervals. 
MAINTENANCE: 0.1 or 0.2 mg. daily depending upon patient's response. 
CHANGE-OVER: Prescribe 0.1 or 0.2 mg. of Digitaline Nativelle to replace maintenance doses of 0.1 gm. or 0.2 gm. of whole leaf. 


Send for new brochure “Modern Digitalis Therapy” Varick Pharmacal Co. Inc. (Division of E. Fougera & Co. Inc.) 75 Varick St., New York. 
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For versatile B therapy 


The “Beminal’ family provides a choice of five distinctive forms and potencies for the 
effective treatment of vitamin ‘B’ deficiencies. Each is designed to fill a particular need. 


1. “Beminal’ fortified with Iron, Liver and Folic Acid Capsule No. 821 is suggested 
for the treatment of iron deficiency anemias, certain macrocytic 
anemias and as adjunctive therapy in pernicious anemia. 


2. ‘Beminal’ with Iron and Liver Capsule No. 816 is recommended for the treat- 
ment of the various types of iron deficiency, occurring either as 
frank hypochromic microcytic anemia or as the less pronounced 
anemia of nutritional origin. 


3- ‘Beminal’ Forte with Vitamin C Capsule No. 817 is suggested when there is 
severe depletion of the patient's nutritional stores due to either 
prolonged dietary inadequacy or nutritive failure as a result of 

| organic disease. 


4. ‘Beminal’ Forte Injectable (Dried) No. 495 provides, when reconstituted, a 
high concentration of important vitamin B factors for intensive 
therapy. 

5. ‘Beminal’ Tablets No. 815 may be of value if the vitamin B complex defi- 
ciency is mild or subclinical. 


Ayerst, McKenna & Harrison Limited 
22 East 40th Street, New York 16, N. Y. 
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*RUTAMINAL is the trademark of Schenley 
Laboratories, Inc. and designates exclu- 
sively its brand of tablets containing 
rutin, aminophylline, and phenoborbitol. 


schenley laboratories, inc., 350 fifth ave., new york 1, n. y. 


he 
protection 
of 

rutin 
the 
action 
of 
aminophylline 
the 

sedation 
of 
phenobarbital 
—for 

use 

in 

selected 
cardiovascular 
and 

diabetic 
conditions 

in 

which 
excessive 
capillary 
fragility 
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a 
complicating 
hazard 
—bottles 

of 

100 

tablets 
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Many depressed patients, 
of course, do give their physician 
the needed diagnostic clue. 
Without being asked, they tell of feeling 
“tired all the time’’ or ‘‘despondent”’ or 
‘‘lethargic.”” Countless thousands of others, 
however, will run to their physician with 
every small somatic complaint and yet never 


mention what really troubles them most: 


their depression—a condition that so often 


leads to physical as well as mental break-up. 


In most of these patients, the uniquely 
‘‘smooth”’ anti-depressant effect of 
‘Dexedrine’ Sulfate can help restore 
mental alertness and optimism, 

dispel psychogenic fatigue— 

and thus ‘‘make life worth living.’’ 


Smith, Kline & French Laboratories, Philadelphia 


*T.M. Reg. U.S. Pat. Off. for dextro-amphetamine sulfate, S.K.F. 


the anti-depressant of choice 
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New Sulfa Combination... 


WIDE ANTIBACTERIAL RANGE 
All three components 


HIGH BLOOD LEVELS 
All three components are 

absorbed and excreted independently. 
High blood levels can be maintained 
without kidney concretion and 

with minimal sensitivity reactions. 


have a wide antibacterial range 
and are highly effective 

in the treatment of pneumonia and 
other common infections. 


SQUIBB 


0. 5 Gm. tablets 


‘(pleasant raspberry flavor) 
__,-Pint bottles 


“*TERFONYVL’’ 1S A TRADEMARK OF €. SQUIBB & SONS 
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in the Control of Edema 


Mercurial Diuretic 


with Ascorbic Acid 


One to two tablets daily will 
permit maintenance of patients at 
optimal or “dry” weight. Tablets 
MERCUHYDRIN with Ascorbic Acid 
combat the pathologic retention of 
water-binding sodium which im- 
poses a mounting fluid burden on 
the failing heart. Effective and usu- 
ally well-tolerated, they are of spe- 
cial value in treatment of ambula- 
tory patients. 


MERCUHYDRIN mobilizes water and 


sodium from inundated tissues and 
fosters their urinary excretion. Oral 
maintenance therapy . . . Tablets 
MERCUHYDRIN With Ascorbic Acid 

. supplements the parenteral 
mercurial and Giminishes the num- 
ber of injections required to main- 
tain the edema-free state. 


Tablets wercuHyDRINn With Ascor- 
bic Acid: Bottles of 100. Each tablet 
contains meralluride 60 mg. and as- 
corbic acid 100 mg. 


, INC. 


MILWAUKEE 1, WISCONSIN 
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For fortified support 
of hemoglobin formation, 
each tablet of 


UPJOHN FERRATED LIVER 


CONCENTRATE with FOLIC ACID 


supplies: 


UPJOHN 
LIVER CONCENTRATE 
WITH FOLIC ACID 


TABLETS available in bottles of 100 and 1000. 


Upjohn 


FINE PHARMACEUTICALS SINCE 1886 
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Liver Concentrate QPS. 
supplemented to present approximately: 
*Thiamine Hydrochloride....................2 mg. 
*Nicotinamide IO mg. 


the common cold 
may be controlled 


cold combatant 


containing: 
Chlorothen Citrate—25 mg { long-acting antihistaminic of low toxicity 


Acetophenetidin —320 mg 


Caffeine iyi analgetic and antipyretic synergists 


caubren compound curbs colds by 
* relieving symptoms 
* shortening duration 
* reducing contagion 
administration: One to two tablets every 3-4 hours for 


at least 48 hours beginning as soon as possible after 
appearance of initial symptoms. 


available: Bottles of 100 tablets 


LABORATORIES ° DIVISION NUTRITION RESEARCH LABORATORIES, CHICAGO 30, ILLINOIS 
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maintaining urinary 
antisepsis without 
distressing the patient 


Comprehensive clinical evidence establishes that 
MANDELAMINE (methenamine mandelate) is effective against 
Escherichia coli, Staphylococcus aureus and albus, and 
certain streptococci. mparative studies indicate its 
bacteriostatic and bactericidal effectiveness to be approx- 
imately the same as that of the sulfonamides or strepto- 
mycin. 
Because MANDELAMINE therapy is exceptionally well tolerated, 
patients willingly adhere to the prescribed regimen. 
sosase: Adequate dosage is important; for maximum effect, 
adults should take 3 or 4 tablets t.i.d.; children in 
proportion. 
Complete literature and samples sent to physicians on 
request. 


@ Has wide antibacterial range 
@ No supplementary acidification required (except 
when urea-splitting organisms occur) 

@ Little or no danger of drug-fastness 

@ Is exceptionally well tolerated 

@ Requires no dietary or fluid regulation 

@ Simplicity of regimen — 3 or 4 tablets t.i.d. 


inary antiseptice-council accepted 


NEPERA CHEMICAL CO., 


NEPERA PARK YONKERS 2, N. Y. 
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tion of BENADRYL concurrently with and flexibility of administration, including 


to the indicated drug, 


dermographism, serum sickness, food allergy 
Kapseals®, Capsules and a palatable Elixir. 
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in-induced urticaria. Severe penicillinre- acute and chronic urticaria, angioneurotic 
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biotic and chemotherapeutic agents. In many BENADRYL hydrochloride (diphenhydr 
instances, these untoward reactions may be hydrochloride, Parke-Davis) is available in 
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raw materials 


for making 


red blood cells 


Liver-stomach concentrate 
iron | 
vitamin B complex 
... these are known raw materials for erythrocyte maturation. 

All are contained in Pulvules ‘Lextron F.G.’ (Liver-Stomach Concentrate with Ferrous 
Gluconate and Vitamin B Complex, Lilly). “F.G.” refers to ferrous gluconate, a well- 
tolerated iron salt preferred by many clinicians. Pulvules ‘Lextron F. G.’ prescribed 
according to individual requirements will adequately treat any type of anemia which 


responds to liver or iron therapy. Available in bottles of 84 or 500. 
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Foreword 


IABETES MELLITUS, for good reasons, 
1) has attracted the attention of out- 
standing investigators in many fields 

of medicine. In the first place, this disease 
is a health hazard of major significance. 
Data on the incidence of the disease have 
becn published but for the most part are 
difficuit to assess. A reasonable estimate, 
however, is that the population of the United 
States includes not less than 1,000,000 dia- 
betic persons, and many have believed that 
the incidence of the disease has increased 
in recent years and may still be increasing. 
For a long period we have kept a sepa- 
rate yearly count of the new cases of dia- 
betes seen at the Mayo Clinic, and of the 
return patients treated for diabetes at some 
previous time in the clinic. We have related 
the number of new cases of diabetes year 
by year to the total number of new patients 
who registered for examination in the clinic 


at a new case rate index: Admittedly, this index 
is not the literal equivalent of the incidence 
of the disease in, or the case rate of, the 


population. The latter could: be obtained - 


only if all cases of diabetes were detected 
and their number divided by the population, 
which up to now has not ‘been possible. 
However, the index can be accepted asa 
reasonable barometer of cKanges i in the case 


rate of the population because any impor- - 


tant increase or decrease in the incidence 
of diabetes in any given year in the popula- 
tion from which are drawn the patients of 
the clinic very likely would be reflected in a 
corresponding change in the incidence of 


new diabetic patients coming to the clinic. 
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With this thought in mind, changes in the 
new case rate index over the years are 
worthy of notice. The index in 1920 was 
0.62 per cent; it was 1.05 per cent in 1925; 
1.24 per cent in 1930; 1.60 per cent in 1935 
and 2 per cent in 1941. Since 1941 it has 
remained in the neighborhood of 2 per cent. 
In 1948 there were 1,375 new diabetic 
patients; of this number 329 had been seen 
in the clinic in earlier years but had not 
given evidence of diabetes at previous 
examinations. Of interest is the fact that the 
disease in 50.2 per cent of these new patients 
was severe enough to necessitate the use of 
insulin. Also of some significance is the fact 
that for every five new patients who knew 
they had diabetes when they came to the 
clinic, another instance of diabetes was 
discovered among patients in the clinic who 
when they registered had not suspected that 


__-they had diabetes. 
in the corresponding years, arriving thus 


. The increase between 1920 and 1941 in 


the new case rate index for diabetes in the 
“Mayo Clinic is not to be explained by the 


discovery | of insulin in 1920 and the conse- 
quent increasing interest in the detection of 
diabetes.-Relatively few of the patients who 
come to thé clinic do so because of diabetes, 
and the reliability of the detection of dia- 
betes in the clinic has not changed since 
1920: For every patient registering since 
that ‘year, and before, urinalysis has been 
performed and, with few exceptions, when 
glycosuria has been detected the level of 
blood sugar has been determined; a fasting 
blood sugar determination first and when 
uncertainty remained, a glucose tolerance 
test. The figures I have quoted relate only 
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to new patients for whom a diagnosis of 
diabetes mellitus was based on the finding 
of abnormally high blood sugar levels; 
therefore, from the data given the inference 
is clear that in the population from which 
the patients of the clinic are drawn the 
incidence of diabetes between 1920 and 
1941 was multiplied by three or more, also 
that since 1941 there has been no further 
increase. The stabilization of the new case 
rate index since 1941 is reassuring; never- 
theless, the incidence of diabetes obviously 
is of such magnitude as to call for major 
efforts in detecting the disease and in its 
treatment. 

Another reason for the widespread inter- 
est in diabetes mellitus is that this disease 
affords unusual opportunities for study of 
the machinery of metabolism. It opens a 
door, so to speak, and thereby provides a 
view of what is going on inside. Dextro- 
rotatory glucose appears in the urine. The 
explanation came with von Mehring’s and 
Minkowski’s discovery in 1889 that ablation 
of the pancreas provoked diabetes. The 
interest thus aroused culminated in the 
separation of insulin from the pancreas by 
Banting and Best in 1920, and in the dis- 
covery by them of the usefulness of insulin 
in the treatment of experimental pancreatic 
diabetes and the diabetes mellitus of man. 

Failure to utilize pD-glucose, when the 
failure is severe, leads to accumulation in 
the body of aceto-acetic acid, hydroxy- 
butyric acid and acetone. An alkali deficit 
results from this accumulation of organic 
acids. Study of the chemical disturbances 
which bring all this about has thrown some 
light on the normal metabolism of fats and 
proteins, and the long series of investigations 
of diabetic acidosis, initiated by Haller- 
vorden, Stadelmann and Minkowski, stu- 
dents of Naunyn in KG6nigsberg, Germany, 
in the 1880’s, has resulted in the ever 
growing body of knowledge about this most 
immediate hazard of diabetes mellitus. 


Finally, in more recent years some under- 
standing has been gained of the parts 
played in the metabolism of carbohydrate 
by the pituitary and adrenal glands. This 
stems mainly from Houssay’s and Biasotti’s 
brilliant finding in 1930 that pancreatic 
diabetes could be modified profoundly by 
ablation of the pituitary gland. Most re- 
cently additional advance has been pro- 
moted through the isolation in relatively 
pure form of many of the hormones of the 
anterior lobe of the pituitary body and of 
the cortex of the adrenal gland. 

In the symposium on diabetes mellitus 
which follows we are indebted to Dr. Stetten 
for a clear interpretation of current views 
about the fate of D-glucose in metabolism; 
to Dr. Haist for reviewing the contributions 
to knowledge of diabetes mellitus which 
have come from experimental diabetes; to 
Dr. Balfour and Dr. Sprague for clinical 
reports of cases of human diabetes in which 
endocrine glands other than the pancreatic 
islands were importantly involved; to Dr. 
White for sharing with us her large experi- 
ence with the problem of pregnancy in 
diabetes; to Dr. Barach for his views on 
what now appears to be the major threat 
in diabetes, premature sclerosis of the 
vascular tree; to Dr. Wilder, Jr., for reflec- 
tions on the problem presented to the non- 
specialists in diabetes who must assume 
responsibility for the care of a large propor- 
tion of the diabetic population; and finally 
to Dr. Guest for a discussion of procedures 
currently employed in treating diabetic 
acidosis. 

The subjects covered in these papers are 
in fields which at present are undergoing 
energetic cultivation. The material, much 
of it at least, is not as yet in textbooks. The 
purpose back of this symposium is to bring 
us up to date in these several major aspects 
of diabetes mellitus. 


RussELL M. WILDER, M.D. 
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Symposium on Diabetes Mellitus 


Carbohydrate Metabolism’ 


DEWITT STETTEN, JR., M.D. 
New York, New York 


ENERGY CONSIDERATIONS 


ANY of the individual processes 
M which, when taken together com- 
prise the normal body economy, 
when considered as isolated systems prove 
to be endergonic, that is, energy-consuming 
processes, incapable of continued operation 
unless the needed energy is supplied in one 
or another fashion. By way of preface to a 
discussion of the role of carbohydrates in 
the total mammalian metabolism it may 
be well to tabulate some of these endergonic 
processes in order that insight may be 
gained into the disposition of the relatively 
enormous amounts of energy that the 
normal organism derives from the break- 
down of carbohydrates each day: (a) the 
maintenance of body temperature at a level 
in general above that of the environment, 
(6) the performance of mechanical work, 
both voluntary and involuntary, incident 
to muscle contraction, (c) the initiation and 
transmission of neural impulses, (d) the 
secretion or reabsorption of tissue and blood 
constituents, often against a concentration 
gradient, and (e¢) the continuous regenera- 
tion of the large molecules of protein, poly- 
saccharide and fat, which make up the 
major portion of the organic components of 
protoplasm, for the synthesis of which not 
only the small building stones but also a 
supply of energy is needed. 

._ These and other processes are continu- 
ously consuming energy, and this energy 
deficit must ultimately be met by the 
caloric supply of the diet if the organism is 
to remain in balance. The incidental energy 
requirements of growth, pregnancy, lacta- 
tion, tissue repair and wound healing must 


also be derived from this source, and in view 
of the fact that in a perfectly normal dietary 
well over half of the calories of the diet may 
appear in the form of carbohydrate, it is of 
obvious importance to understand what 
little is known of the means whereby the 
energy, made available to the organism by 
the breakdown of carbohydrate, is delivered 
to these various energy-consuming processes. 

The primitive idea that sugar is burned 
in the animal body as it might be burned 
in a furnace and that the heat liberated 
thereby is the source of energy for muscle 
work has long been recognized as unten- 
able. The efficiency of the transfer of 
usable energy through the mode of heat is 


temperature difference 
absolute temperature 


and such processes become efficient only 
when a large temperature difference can 
be achieved. Thus, at body temperature, 
assuming a thermal difference of 10°c 
to occur, no more than one thirtieth of the 
energy liberated by the combustion of sugar 
would be available for the performance of 
useful work. Yet isolated muscle has been 
shown to operate on a nutrient of glucose 
with vastly greater efficiency than 3 per 
cent despite the fact that no significant 
thermal differences within the muscle have 
been shown to occur. From this it follows 
that a large portion of the energy liberated 
by the breakdown of glucose in the mam- 
malian cell must be delivered to systems 
capable of accepting energy and trans- 
forming it into useful work without the 
intervention of the energy-mode of heat. 
Recognition of this fact gave rise to the con- 
ceptof ‘“‘energy-linked processes’? wherein 


limited by the fraction 


* From the Division of Nutrition and Physiology, The Public Health Research Institute of The City of New York, 
Inc., N .Y. 
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the energy released by one reaction is im- 
mediately accepted and utilized by some 
other reaction occurring simultaneously. 
After a generation of exploration one may 
now point to one such energy link, which 
has clearly been proved to be operative in 


TYPES OF COMPOUNDS OF PHOSPHORIC ACID 


Energy 
Type Structure of Hy- Examples 
drolysis 
Phosphoric ester H R OH) Low | Glucose-6-phos- 
of simple phate; 3-phos- 
| yde 
OH 2-phosphoglyceric 
| acid 
O OH 
| } Low | Glucose-1-phos- 
acetal phate; 1,3-di- 
a phosphoglycer- 
| OH aldehyde (the 
1-phosphate) 
O OH 
Anhydride of I rs High | Adenosine tri- 
phosphoric P—O—P=O phosphate; 
acid adenosine 
OH OH diphosphate 
Mixed anhydride O OH} High | Acetyl phosphate; 
of phosphoric d 1,3-diphospho- 
acid —C-—C—-QO-—P==0 glyceric acid (the 
1-phosphate) 
OH 
Enol phosphate High 
| Pd aci 
C=C—O,-P=0 
C OH 
R 
N-substituted OH High | Phosphocreatine; 
phosphamic phosphoargi- 
acid | 4 —N- Pa nine 
| 
OH | 


biologic systems and which must serve 
as an example of the devices which have 
evolved to accomplish the necessary energy 
transfer. 

The biologically important compounds of 
phosphoric acid’ have been shown to fall 
roughly into two groups, and this division 
is based on the amount of energy which is 
released when these compounds are sub- 
jected to hydrolysis. If one considers the 
reaction type: 


H;PO, + AE 


where A E is the energy released, one sees 
that of some compounds of phosphoric acid, 
the quantity A E is small, and, intimately 
associated with this fact, the hydrolysis as 
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written is readily reversible and the possi- 
bility exists that the compound may arise 
and accumulate to an appreciable extent 
as a result of spontaneous synthesis from its 
parts. Such compounds are said to contain 
‘‘low energy phosphate.”’ There are, on the 
other hand, numerous compounds of phos- 
phoric acid which, when subjected to 
hydrolysis, yield large amounts of energy; 
in regard to the foregoing equation, A E is 
a large quantity. The hydrolysis of such 
compounds proceeds essentially irreversibly 
and completely, and such compounds can- 
not be pictured as arising to any appreciable 
extent from spontaneous interaction of the 
products of hydrolysis. These compounds 
are referred to as “high-energy phosphate”’ 
compounds. 

Included in the table are examples of 
these two types of compounds of phosphoric 
acid. In relation to this table, it should be 
pointed out that it is thermodynamically 
possible for any compound of high energy to 
surrender its phosphate residue to some 
acceptor and generate a phospho-com- 
pound of low energy, whereas the reverse 
cannot occur. An example of a reaction 
of this type is the well known hexokinase- 
catalyzed phosphorylation of glucose: 


(2) glucose + adenosine triphosphate 
— glucose-6-phosphate 
+ adenosine diphosphate 


Here a low-energy phosphate bond has been 
established at the expense of a high-energy 
bond. 

Of the several high energy compounds 
listed in the table, by way of generalization 
it may be stated that the energies of 
hydrolysis of all of these compounds are 
of the same order of magnitude. This fact 
gives rise to the thermodynamic possibility 
of the generation of a new high energy 
phosphate bond at the expense of another 
high energy bond, and, furthermore, since 
the net gain or loss of energy in such a 
reaction will be small, such a reaction may 
be expected to proceed reversibly. Exam- 
ples are given herewith: 
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(3) phosphopyruvic acid 
+ @denosine diphosphate @ pyruvic acid 
| + adenosine triphosphate 
(4) phosphocreatine 
+ adenosine diphosphate = creatine 
+ adenosine triphosphate 


The energy link believed to intervene 
between the catabolism of glucose, on the 
one hand, and the contraction of muscle, 
on the other, is closely related to such 
shuttling about of high energy phosphate. 
The current picture describes the con- 
tractile unit of the myofibril as existing in 
two states, an extended and a contracted 
state. In the extended or elongated condi- 
tion, it is rich in potential energy, like an 
extended spring. As it contracts, with the 
generation of kinetic energy, it loses poten- 
tial energy, precisely as is the case with a 
stretched spring that is permitted to con- 
tract, and before it can do any more work, 
it must be recharged with energy and 
reconverted to the extended condition. This 
transformation is apparently accompanied 
with and closely related to the introduction, 
into the myosin unit, of phosphate, and, 
what is of importance to the present discus- 
sion, the phosphate required is of the high 
energy variety. The continuous operation 
of a muscle fiber may be pictured as being 
made up of two alternating phases: exten- 
sion, accompanied by an increase in poten- 
tial energy and the coincident introduction 
of high energy phosphate at the expense of 
some high energy phosphate compound in 
the vicinity; and contraction, accompanied 
by the performance of mechanical work on 
the environment, release of kinetic energy, 
decrease in potential energy and loss of 
phosphate as inorganic phosphate ions at 
an energy level of 0. Such a process may be 
repeated continuously as long as there is a 
supply of compounds of phosphoric acid 
of the energy-rich variety available in the 
neighborhood; in muscle tissue such a 
reservoir is at hand (Fig. 1). The terminal 
phosphoric acid residue of adenosine tri- 
phosphate appears to be the immediate 
source of high energy phosphate for the 
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recharging of the contracted myofibril. 
Backing up this reservoir there is a second 
reservoir, in the form of the creatine phos- 
phate which is abundant in striated muscle. 
By virtue of these reservoirs an isolated 
muscle may be made to undergo repeated 


Cell Inorganic 
phosphate 
glucose 
Creatine 
system 


Adenosine __ 
system 


myo - 
High - energy — 


phosphate 


Fic. 1. The role of high energy phosphate in the trans- 
fer of energy from glucose catabolism to effector 
organ. (Adapted from Lipmann, F. In Nord, F. F. 
and Werkman, C. H. Advances in Enzymology. 
Vol. 1, p. 122, 1941.). 


contractions even though carbohydrate 
catabolism may have been completely in- 
hibited by the use of suitable poisons. 
Inevitably, however, in such a preparation, 
these reservoirs of high energy phosphate 
will soon be depleted, the high energy 
phosphate necessary to recharge the myo- 
fibriis will no longer be available and muscle 
work will come to a standstill. 

It is at this point that the role of glucose 
catabolism in the working cell must be 
taken into account. One of the important 
consequences of the breakdown of glucose 
in the living cell is the generation of new 
high energy phosphate compounds in the 
formation of which glucose is catabolized 
and inorganic phosphate ions are con- 
sumed. Examples of individual reactions in 
which such high energy phosphate com- 
pounds arise will be given later in the text. 
Suffice it to state at this point that, per 
molecule of glucose degraded to pyruvate 
or lactate, two high energy phosphate 
bonds, according to current understanding, 
will have been created de novo. As the high 
energy phosphate which arises incident to 
the breakdown of glucose is transferable to 
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adenosine diphosphate, to regenerate ade- 
nosine triphosphate and secondarily creatine 
phosphate, the processes of normal glucose 
catabolism tend to offset the depletion of 
high energy phosphate stores that would 
otherwise result from continued muscle 
work. 

This energy link between the breakdown 
of glucose and the performance of muscle 
work, involving the repeated generation 
and destruction of high energy phosphate, 
must not be supposed to be peculiar to this 
system. Indeed, at least one other ender- 
gonic process, the generation of poly- 
saccharides, has been shown to be linked 
energetically to glucose breakdown through 
the same type of shuttling about of phos- 
phate residues (discussed later), and it may 
be supposed that other energy-consuming 
processes operate, in the cell which is 
destroying glucose, by virtue of this same 
energy link. It must, however, be borne in 
mind that energy links in addition to the 
one described may yet be unearthed, and, 
indeed, at the present time one is able, by 
reactions known to occur, to account for 
the disposition of only a small fraction of the 
energy liberated in the complete oxidation 
of glucose to carbon dioxide and water. 


SOURCES OF GLUCOSE 


The glucose on which the cells of the 
mammalian organism depend, to a greater 
or lesser extent, for their continued nutrition 
is of course the glucose dissolved in the 
extracellular fluids of the body, of which the 
blood plasma may be taken as representa- 
tive. Whereas it is undoubtedly true that 
some mammalian cells retain a vestigial 
capacity to assimilate carbon dioxide,’ the 
mammal is obviously incapable of syn- 
thesizing its full supplement of glucose from 
carbon dioxide and water, a synthesis that 
is effectively carried out by certain micro- 
organisms and _ chlorophyll-containing 
plants. There are three sources of blood 
glucose that come into consideration, and 
of these the most important one quantita- 
tively is the carbohydrate of the diet. The 
other contributions to the blood glucose 
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may be classified under the headings of 
glycogenolysis and gluconeogenesis. 

The carbohydrates of the diet that are of 
nutritional significance are surprisingly few 
in number (Fig. 2). Only three mono- 
saccharides, glucose, fructose and galactose, 
need be mentioned, and although the first 
two of these do occur as such in various 
fruits, it is questionable whether any of these 
three ever comprises a major portion of a 
normal diet. Of the disaccharides, sucrose, 
the common sugar of cane and beet, is of 
course a variable dietary component, and 
lactose, the carbohydrate of milk, is ob- 
viously of significance in infant nutrition. 
Maltose is of interest not so much as a 
naturally occurring product. but rather 
as an intermediate in the breakdown of 
larger polysaccharide molecules. The hy- 
drolysis of each of these disaccharides gives 
rise to a pair of monosaccharide molecules: 


(5) sucrose — glucose + fructose 
(6) lactose — glucose + galactose 
(7) maltose — glucose + glucose 


The major portion: of the usual dietary 
carbohydrate is made up of polysaccharides, 
compounds of large and imperfectly known 
molecular size. The starches, of vegetable 
origin, and glycogen, of animal origin, are 
the important members of this group, and 
both are made up of glucose fragments 
linked to each other in what is termed 
‘‘slucosidic linkage,”’ in which the number 1 
carbon of one glucose unit is coupled, 
through an oxygen bridge, to the number 
4 or number 6 carbon of an adjacent 
glucose unit. On complete hydrolysis of 
these materials the sole carbohydrate ob- 
tained is glucose. 

The remaining carbohydrates of the diet 
are of little nutritional importance. The 
pentoses, such as xylose and arabinose, 
which may be present in the diet to a scant 
extent, are known to be absorbed across the 
intestinal mucosa much more slowly than 
the common hexoses, and little is known 
of their further metabolic utilization. Poly- 
saccharides which on hydrolysis yield pen- 
toses are represented among the gums, such 
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as gum arabic and acacia, as well as agar, 
but these are not digested or absorbed and 
serve merely to increase the bulk of the 
intestinal contents. Similarly cellulose, a 
polysaccharide of glucose, although appar- 
ently digested by certain ruminants, is not 
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of digestion accomplished by this enzyme is 
probably small. When the bolus of food 
enters the stomach, ptyalin is rapidly 
inactivated by the acidic environment 
which it encounters, so that enzymic diges- 
tion comes to a standstill. A small degree 
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Fic. 2. Formulas of the nutritionally important sugars. 


subject to digestion in the human gastro- 
intestinal tract and serves only as roughage. 

The digestion of carbohydrates, like the 
digestion of proteins and fats, may be 
described as a series of enzyme-catalyzed 
hydrolyses in which the large molecules of 
the diet are broken down to smaller unit 
fragments preparatory to their absorption. 
It is generally believed that the bulk of 
dietary carbohydrate is degraded to the 
monosaccharide level prior to absorption, 
although small amounts of disaccharide, 
such as sucrose, may be absorbed without 
hydrolysis. The first of the enzymes, in the 
most general sense glucosidases, to operate 
on ingested polysaccharide is the salivary 
amylase, ptyalin. In view of the short 
duration of contact between dietary poly- 
saccharide and active ptyalin, the extent 
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of digestion in the stomach incident to 
the catalysis of hydrogen ions has been 
postulated. 

The small intestine is the major site both 
of polysaccharide digestion and of absorp- 
tion of the resultant simple sugars. Pan- 
creatic amylase and the glucosidases of the 
succus entericus both participate in cata- 
lyzing the hydrolysis of glucosidic links and 
the ultimate disintegration of the complex 
sugars of the diet to the monosaccharide 
level. 

Derived from the carbohydrates of the 
diet one may expect to see in the lumen of 
the small intestine a mixture of glucose, 
fructose and galactose, and, except for that 
portion which undergoes bacterial fermen- 
tation, these monosaccharides are delivered 
to the portal bloodstream in a quantitative 
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fashion. The transport of these hexose 
molecules across the intestinal mucosa 
appears not to be simply a matter of diffu- 
sion, since the rate of this transport is in 
general independent of the concentration 
gradient against which it is operating. It 
appears to be a vital process, dependent in 
some fashion on the reaction of phos- 
phorylation and probably is not dissimilar 
to the process of reabsorption of glucose 
from the renal tubule. The several sugars 
are absorbed from the intestinal canal at 
widely differing rates, the order of these 
rates being: galactose > glucose > fructose 
> mannose > pentoses.* 

Glucose is certainly the most abundant 
hexose entering the bloodstream from the 
intestinal tract. Galactose and fructose, 
insofar as they are absorbed and enter the 
processes of glycolysis and glycogenesis, 
may be presumed to be capable of ready 
transformation into the glucose configura- 
tion. Of the various monosaccharides of 
metabolic interest, galactose is formed 
abundantly and excreted as lactose in the 
process of lactation and also crops up as 
the characteristic sugar in many cerebro- 
sides; ribose and desoxyribose are formed 
from unknown precursors in the body and 
appear in the nucleic acids and nucleotides, 
and xyloketose appears as a urinary con- 
stituent in pentosuria. From the nutritional 
point of view, however, the concern is 
predominantly with glucose. 

In addition to the absorption of the 
products of carbohydrate digestion from 
the intestinal canal, there are two other 
types of processes which contribute to the 
blood glucose, and these are conveniently 
discussed under the headings of gluco- 
neogenesis and glycogenolysis. Under the 
term gluconeogenesis may be included all 
reactions which originate with noncarbo- 
hydrate precursors and terminate with the 
generation of glucose. Among the materials 
which the body is capable of employing in 
this fashion are: (a) essentially all of the 
products that the body can generate from 
glucose down to and including the four- 
carbon dicarboxylic acids, (6) all of the 
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amino acids that are capable of being 
transformed into or of contributing carbon 
atoms to any of the foregoing intermediates 
—such amino acids comprise the glucogenic 
amino acids—and (c) certainly glycerol and, 
according to some authorities, possibly the 
fatty acids, which may arise from _ the 
hydrolysis of fat. 

Since, in general, the reactions of gly- 
colysis, glucose breakdown, may proceed 
in both directions in the body, the products 
of glycolysis would be expected to be 
glucogenic. Certain of these products, how- 
ever, may arise from other sources. Thus, 
a-ketoglutaric acid may be formed from 
glutamic acid and presumably from the 
other five-carbon amino acids as well, and 
oxaloacetic acid can certainly arise from the 
amino acid aspartic acid. The three-carbon 
amino acids, alanine, serine and cysteine 
may contribute their carbon skeletons to 
form pyruvic acid, and glycerol is similarly 
interconvertible in’ the body with certain 
of the three-carbon fragments that arise 
from the breakdown of glucose. When 
proceeding in the direction of glucose 
formation, these processes all funnel into the 
formation of glucose-6-phosphate. This com- 
pound, in common with other phosphoryl- 
ated compounds, appears to cross cell 
membranes slowly, if at all, and is believed 
to be utilized for the most part in the very 
cells in which it is formed. The enzyme 
required for the catalysis of the irreversible 
hydrolysis of this product, perhaps a specific 
glucose-6-phosphatase: 


(8) glucose-6-phosphate glucose 
+ phosphate ion 


appears not to be uniformly distributed, 
and, while it is abundantly present in liver, 
it is lacking instriated muscle. Thus, whereas 
the liver is well able to contribute to the 
blood glucose as a result of gluconeogenic 
processes, such processes in muscle result in 
the augmentation of some other product, 
notably glycogen. 

The third source of blood glucose to be 
considered is the breakdown of glycogen. 
This proceeds over well recognized steps: * 
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phosphorylase 
(9) glycogen + phosphate ion — a 


glucose-1-phosphate 


a Oo 


(10) glucose-1-phosphate © 
glucose-6-phosphate 


The glucose-6-phosphate which arises as 
a result of these reactions is, of course, sub- 
ject to the same restrictions described, in 
that in liver, but not in muscle, it may be 
hydrolyzed to yield glucose (reaction 8). A 
consequence of this enzymic deficiency of 
striated muscle is the fact that muscle 
glycogen cannot contribute directly to the 
blood glucose, that the first products of 
glycogen breakdown in muscle that can 
escape readily from the muscle cell are 
pyruvic and lactic acids and that only as 
these do escape and are captured by the 
liver and employed there for gluconeo- 
genesis can muscle glycogen contribute 
to the glucose of the blood. 


GLYCOLYSIS 


In summing up the sources of blood 
glucose, it may be. pointed out that, in a 
quantitative sense, the breakdown of gly- 


-cogen constitutes a much smaller contribu- 


tion than do the other two processes and 
appears to be of major importance only in 
times of acute stress It should also be 
stressed that all three processes are un- 


- doubtedly operating continuously in the 


normal subject and this leads to a consider- 
ation of the fate, in the animal body, of the 
glucose thus made available. In the normal 
subject, essentially all of this glucose is 
consumed in one way or another, no 
appreciable amounts appearing in_ the 
excreta. Many metabolic pathways and 
many hypothetic intermediates have at 
one time or another come into considera- 
tion. The pathways and the intermediates 
presented herewith are those currently 
acceptable and well established experti- 
mentally, but should not be construed as 
the only possible routes over which glucose 
can be utilized. Rather should this scheme 
be considered as a highly probable series of 
reactions, which is believed to occur, with 
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relatively minor modifications, in widely 
divergent types of cells, and which may 
serve as a model of the manner in which 
glucose is catabolized.°® 

The first step in the series (Fig. 3) appears 
to be the formation of glucose-6-phosphate 
from glucose by the irreversible, exergonic 
reaction: 


(11) glucose + adenosine triphosphate 
hexokinase 


— glucose-6-phosphate 
+ adenosine diphosphate 


It should be particularly noted that this 
reaction is not the reversal of the reaction 
whereby glucose-6-phosphate is hydrolyzed 
to glucose (reaction 8). The enzyme cata- 
lyzing the present reaction, in contrast to 
the phosphatase mentioned previously, ap- 
pears to be ubiquitous, and this, the hexo- 
kinase reaction, would seem to occur in 
essentially all living cells. An important 
consequence of this reaction is that it con- 
verts the freely diffusing glucose into a 
phosphate which crosses membranes with 
difficulty and is thereby pictured as serving 
to capture glucose molecules in the intra- 
cellular compartment.® It has been sug- 
gested that it is by virtue of this mechanism 
of capture of glucose that the cells of the 
mammalian body are able to thrive on a 
predominantly glucose nutrient in spite of 
the fact that the concentration of glucose 
in the extracellular space is relatively low, 
in the neighborhood of 0.1 per cent. 
Three possible fates of glucose-6-phos- 
phate must next be considered. In the liver, 
but not in muscle, it may be hydrolyzed 
back to glucose by the action of phosphatase 
(reaction 8). Again, by the reversal of reac- 
tion 10 it may be transformed into glucose- 
1-phosphate, and from this product a wide 
variety of cells are able to form glycogen. 
This latter reaction has been shown to 
require the same phosphorylase which was 
involved in the breakdown of glycogen 
(reaction 9) and, in addition, a small seed 
of glycogen or some similar polysaccharide 
to initiate the coupling of one glucose frag- 
ment to another. In the course of this 
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Fic. 3. The pathway of anaerobic glycolysis. 


reaction phosphate ion is eliminated. The 

third fate of glucose-6-phosphate is_ its 

transformation to fructose-6-phosphate, a 

reversible reaction: 

(12) glucose-6-phosphate 
fructose-6-phosphate, 


and since the same product may arise from 
fructose, by the reaction: 
(13) fructose + adenosine triphosphate 


hexokinase 


fructose-6-phosphate 
+ adenosine diphosphate 


it may be considered that it is at this point 
that the metabolisms of glucose and of 
fructose merge. 

Fructose-6-phosphate now acquires a 
second phosphate in the number 1 position 
by the reaction: 

(14) fructose-6-phosphate 


+ adenosine triphosphate — 
fructose-1,6-diphosphate 
+ adenosine diphosphate, 


and the resulting product, loaded at both 
ends, undergoes cleavage at the midpoint to 
yield a mixture of the two triose phosphates: 
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Fic. 4. The oxidation of pyruvic acid. 


zymohexase 
(15) fructose-1,6-diphosphate 
glyceraldehyde-3-phosphate 
+ dihydroxyacetone phosphate. 


These two isomeric compounds form an 

equilibrium mixture in that they are bio- 
logically interconvertible: 

triose isomerase 

(16) dihydroxyacetone phosphate * a 

glyceraldehyde-3-phosphate. 


Glyceraldehyde-3-phosphate next under- 
goes spontaneous reaction with inorganic 
phosphate to yield glyceraldehyde-1,3-di- 
phosphate. It should be noted that the 
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phosphate bond thus established is of the 
low energy variety (table). When this 
compound is oxidized by the transfer of 
hydrogen to coenzyme I: 


(17) glyceraldehyde-1,3-diphosphate 
+ coenzyme 1 (ox.) 
= 1,3-diphosphoglyceric acid 
+ coenzyme 1 (red.), 


the phosphate in position 1 is transformed 
from a low energy phosphoric acid acetal 
into a high energy mixed anhydride of 
phosphoric acid (table), capable of delivery 
to other high energy systems: 


| 
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(18) 1,3-diphosphoglyceric acid 
+ adenosine diphosphate 
= 3-phosphoglyceric acid 
+ adenosine triphosphate 


The last three reactions have in effect 
augmented the energy level of inorganic 
phosphate, initially zero, up to an energy 
level sufficiently high to permit of the 
regeneration of high energy adenosine tri- 
phosphate, the energy in this case derived 
from the energy of oxidation of an aldehyde 
up to the level of a carboxy acid. 
The rearrangement of 3-phosphoglyceric 
acid according to the reaction: 
triose mutase 
(19) 3-phosphoglyceric acid 
2-phosphoglyceric acid, 


is followed by the dehydration of this 
product: 
enolase 
(20) 2-phosphoglyceric acid 
phospho (enol) pyruvic acid + H:O 


In this reaction once again one sees the 
augmentation of energy level in a phosphate 
bond. In the starting material, phosphate 
occurs as an ester of a secondary alcohol, at 
low energy level, whereas in the product, 
phosphate is present as a high energy enol 
ester (table). The regeneration of another 
mol of adenosine triphosphate is thus made 
possible, at the expense of the energy 
yielded by glycolysis, as is seen in the next 
reaction of the series: 


(21) phosphopyruvic acid 
+ adenosine diphosphate = pyruvic acid 
+ adenosine triphosphate. 


The possible fates of pyruvic acid (Fig. 4) 
which, in alkaline solution, exists as an 
equilibrium mixture of the enol and keto 
forms, are several.’ Under conditions of 
oxygen lack, when the several coenzymes of 
the hydrogen transport system are largely 
in the reduced state, the reaction: 


(22) pyruvic acid + coenzyme 1 (red.) 
= lactic acid + coenzyme I (ox.) 
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may be expected to proceed to the right to 
an appreciable extent, and in these cir- 
cumstances, since lactic acid appears to 
have no pathway open to it other than 
excretion or reoxidation to pyruvic acid, 
lactic acid may be expected to accumulate 
in the body fluids. It may be pointed out 
that lactic acid (C3H,QO3) is grossly at the 
same level of oxidation as glucose (Cg6H120¢) 
and that in the reactions described thus far, 
there is neither an over-all consumption of 
oxygen nor a liberation of carbon dioxide. 
In fact all these reactions do run, in many 
circumstances, completely anzrobically, 
lactic acid accumulating as glucose dis- 
appears. In general, however, when oxygen 
is abundantly supplied, pyruvic acid is 
drained into other channels and the equilib- 
rium of reaction 22 is shifted to the left. 
Another possible disposition of pyruvic 
acid is its conversion to alanine by the 
transfer of an amino group from some other 
amino acid: 
transaminase 
(23) pyruvic acid + glutamic acid (~~ 
alanine + a-ketoglutaric acid, 


a reaction for which pyridoxal phosphate 
has been shown to serve as a coenzyme. 

Yet another fate of pyruvic acid is today 
supposed to entail a preliminary degrada- 
tion to an as yet unidentified two-carbon 
fragment, sometimes referred to as ‘acetyl,’ 
and condensation of this product with oxalo- 
acetic acid to yield czs-aconitic acid. In 
order to balance the over-all reaction: 


(24) Pyruvic acid + oxaloacetic acid 


+ 140, — cis-aconitic acid + H.O 
+ COsz, 


it will be noted that oxygen is required 
among the reactants and carbon dioxide 
occurs among the products. This reaction, 
which initiates the so-called ‘‘tricarboxylic 
acid cycle,’”’ may be taken as the first 
individual reaction which is_ necessarily 
aerobic. A coenzyme necessary for this, and 
indeed several other reactions of pyruvic 
acid, is thiamine pyrophosphate, and the 
increase in blood and urine pyruvate levels 
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in thiamine deficient states has been 
ascribed to inhibition of this reaction. It is 
noteworthy that the other reagent required 
for this disposition of pyruvic. acid, oxalo- 
acetic acid, may in turn arise from pyruvic 
acid: 


(25) pyruvic acid + CO, 
= oxaloacetic acid. 


‘The hydration of czs-aconitate: 
(26) cis-aconitic acid + H.O 


= iso-citric acid 
is followed by its dehydrogenation: 


(27) iso-citric acid + 1402 
= oxalosuccinic acid + H.O, 


and here again, to balance the over-all 
reaction, oxygen is required. Oxalosuccinic 
acid now undergoes decarboxylation: 


(28) oxalosuccinic acid 
= a-ketoglutaric acid + COs, 


eliminating a second mol of carbon diox- 
ide. The a-ketoglutaric acid thus formed 
may, by acceptance of an amino group, be 
transformed into glutamic acid. It may, 
on the other hand, undergo oxidative 
decarboxylation: 


(29) a-ketoglutaric acid + 140, 
= succinic acid + CO, 


Three mols of carbon dioxide have now 
been eliminated, corresponding to the three 
carbon atoms of the pyruvic acid with 
which this, the aerobic phase, was initiated. 
The remaining reactions of the cycle, now 
called the ‘‘dicarboxylic acid cycle,’ may 
be pictured as serving to regenerate, from 
succinic acid, oxaloacetic acid: 


(30) succinic acid + 1402 
~ fumaric acid + H.2O; 
(31) fumaric acid + H,O = malic acid; 
(32) malic acid + 40,2 
= oxaloacetic acid + H2O. 


Oxaloacetic acid is thus conserved and may 
react’ with another molecule of pyruvic acid 
in a cyclic fashion. It may, in addition, 
accept an amino group to yield aspartic 


NOVEMBER, 1949 


acid. Three of the keto acids which arise in 
the course of glucose catabolism, pyruvic, 
a-ketoglutaric and oxaloacetic, may readily 
and reversibly be converted into amino 
acids, and, in this fashion, a fusion of the 
metabolic pathways of proteins and carbo- 
hydrates is effected. At some point as yet 
undefined in the series below pyruvic acid, 
probably at the level of the two-carbon 
‘‘acetyl fragment,” a similar fusion of path- 
ways of carbohydrate and fatty acid metab- 
olism occurs whereby the over-all conver- 
sion of glucose to fatty acid takes place, on 
the one hand, and the products of fatty 
acid degradation feed into the tricarboxylic 
acid cycle, on the other. 

Perhaps the most striking fact about this 
series of reactions is the occurrence of 
numerous individual steps whereby energy 
is released in small packages, rather than 
all at once in an explosive fashion. This 
gradual release of energy permits of its 
more efficient utilization in the endergonic 
processes of the body, and certain of the 
energy links that occur as glucose is de- 
graded to pyruvate have been described. It 
should be pointed out, however, that the 
yield in energy as glucose is converted to 
pyruvate is far less than the yield obtained 
when pyruvate is further degraded to 
carbon dioxide, and of the energy links 
operating in this, the oxidative phase, little 
is known. 


MAINTENANCE OF BLOOD GLUCOSE 


For the cells of the body to carry out 
these reactions on glucose, a certain mini- 
mum concentration of glucose in the extra- 
cellular fluid must be maintained. One of 
the important mechanisms operating in 
this direction is the kidney, which normally 
prevents the loss of significant quantities of 
glucose in the urine as long as the level of 
blood glucose is below the threshold value. 
This is accomplished by the more or less 
quantitative reabsorption of glucose from 
the glomerular filtrate, a process in which 
the tubule cells transport at least a portion 
of the glucose against a concentration 
gradient. Such transport cannot be ac- 
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counted for on the basis of simple diffusion 
and necessarily consumes energy, and in 
view of the fact that such ‘“‘up-hill’’ transport 
of glucose operates not only at the renal 
tubule but also at the intestinal mucosa and 
possibly elsewhere, it may be well to con- 
sider whence the necessary energy may 
arise. The sequence of events may be pic- 


tured as follows: Glucose diffuses across the . 


barrier separating the lumen from the con- 
tents of the tubule cell; once in the cell it is 
phosphorylated according to reaction 11, 
which, in effect, disturbs the equilibrium in 
favor of diffusion of glucose into the cell 
from the lumen. Whereas glucose-6-phos- 
phate does not escape from the cell, it may 
be pictured as circulating in the cytoplasm 
of the cell and coming in contact with a 
phosphatase which effects an irreversible 
hydrolysis according to reaction 8. A high 
concentration of glucose may thus be built 
up locally, and glucose may then diffuse 
from the intracellular fluid into the blood 
stream. To compute the energy which 
would be expended by such a sequence of 
events, one has merely to add reactions 8 
‘and 11, the sum being: 


(33) adenosine triphosphate 
— adenosine diphosphate 
+ inorganic phosphate. 


In other words, to transport one molecule 
of glucose against a concentration gradient 
by this means entails the loss of one high 
energy phosphate bond. That some such 
mechanism is operating at the renal tubule 
is indicated by the fact that phlorhizin, a 
known poison of phosphorylating systems, 
decidedly inhibits the tubular reabsorption 
of glucose. 

Factors other than renal activity which 
serve to maintain the blood glucose at 
normal levels may conveniently be con- 
sidered with reference to the endocrines 
which control these factors. Thus, the effect 
of epinephrine on carbohydrate metabolism 
may be assigned to an enhancement of the 
conversion of glycogen to glucose-6-phos- 
phate (reactions 9 and 10). In the well 
nourished animal, with ample _ hepatic 
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glycogen, the major effect observed is a 
decrease in the quantity of glycogen of the 
liver and an increase in the quantity of 
blood glucose, arising from the ready 
hydrolysis of glucose-6-phosphate in the 
liver (reaction 8). In the previously fasted 
animal, however, in which the glycogen 
of the liver is depleted, the injection of 
epinephrine is followed by a decrease in 
glycogen of the muscle. At this site, how- 
ever, glucose-6-phosphate cannot be hydro- 
lyzed, and the glucose-6-phosphate there- 
fore follows the path of anaerobic glycolysis 
(reactions 12 through 22) and the resulting 
lactic acid escapes into the bloodstream. 
The depleted liver captures a fraction of 
this lactic acid, which it may then convert 
into glycogen. 

The anterior pituitary gland produces a 
specific inhibitor of the enzyme hexokinase 
(reaction 11).% It appears to operate pre- 
dominantly on the hexokinase of muscle 
and liver cells, and has little or no effect on 
the hexokinase contained in the cells of the 
central nervous system, the renal tubule or — 
the intestinal mucosa. Since the hexokinase- 
catalyzed phosphorylation of glucose is, in 
a sense, a key reaction in the utilization of 
glucose, the presence of an excess of this 
inhibitor would be expected to interfere 
with the utilization of glucose, especially 
in muscle and in liver. A retardation in the 
formation of glucose-6-phosphate at these 
sites will result in an impairment of the 
utilization of glucose by these tissues as 
well as a decrease in the formation of all 
the substances which these tissues normally 
generate from glucose, among others, lactic 
and pyruvic acids, glycogen, fatty acids and 
carbon dioxide. 

One of the actions of the secretion of the 
adrenal cortex appears to be an enhance- 
ment and prolongation of the action of this — 
pituitary hexokinase inhibitor. When pres- 
ent in excess, essentially the same effects 
on the utilization of glucose by muscle and 
liver may be anticipated. The oxygenated 
steroids of the adrenal cortex are believed 
to have another effect on carbohydrate 
metabolism, namely, they are supposed to 
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favor gluconeogenesis at the expense of 
glucogenic amino acids of the proteins of 
the body. Both of these actions of the adrenal 
cortex will operate to increase the level of 
blood glucose, the one by impeding utiliza- 
tion and the other by favoring glucose 
synthesis. 

An important action of insulin lies in its 
antagonism to the action of the inhibitor of 
hexokinase. Whereas insulin has no effect 
on hexokinase itself, it does serve to release 
this enzyme from the inhibition imposed on 
it by the anterior pituitary and the adrenal 
cortex. Assuming hexokinase in the normal 
animal to be continuously moderately 
inhibited, the action of insulin would be to 
remove this inhibition and, thus, indirectly 
to stimulate the enzyme. The phosphoryla- 
tion of glucose would then proceed more 
rapidly, glucose would disappear from the 
extracellular compartment, glucose-6-phos- 
phate would be formed in abundance in 
muscle and liver cells, and products derived 
from glucose-6-phosphate would second- 
arily be formed at greater than normal rates. 
Essentially all of these effects have been 
observed to follow the administration of 
insulin. Insulin lack, on the other hand, 
would be expected to simulate, chemically, 
the picture described as following the 
presence of an excess of hexokinase inhibitor. 
This picture is, in fact, a good description 
of the biochemical defect in diabetes 
mellitus.° 

The release of insulin by the cells of the 
islets of Langerhans appears itself to be 
dependent on the level of blood glucose; 
the higher the blood glucose, the more 
insulin discharged. This mechanism is 
subject to exhaustion, however, and pro- 
longed maintenance of the blood glucose at 
an excessively high level is followed, in 
certain species, by irreversible injury to 
the islets and the picture of permanent 
diabetes. 3 

In the adult normal animal in balance 
and at constant weight, the glucose made 
available by the various processes that have 
been described must be equal to the glucose 
that is being consumed in the several 
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processes outlined. The magnitudes of these 
several processes in human beings have 
not been exhaustively studied. In the rat 
it would appear that about one third of the 
glucose is used in the elaboration of fatty 
acids which are needed to replenish the fat 
stores of the body, and only about one 
thirtieth is required for the maintenance 
of the glycogen reserves. ‘The remainder is 
presumed to be degraded ultimately to 
carbon dioxide and to contribute carbon 
atoms along the way to other compounds 
which the body may synthesize from such 
fragments. 

~ There is no specific nutritional deficiency 
related to the lack of glucose in the diet. 
However, it has long been recognized that 
when, for any reason, the rate of utilization 
of glucose is subnormal, there is a likelihood 
of the. development of ketonemia and 
ketonuria. This may arise as a result of 
deprivation of dietary glucose, diabetes or 
renal glucosuria and may in general be 
rectified by the reestablishment, by suitable 
procedures, of normal glucose catabolism. 
This action of glucose, its so-called ‘‘anti- 
ketogenic’’ action, is today fairly well 
understood. The ketone bodies are not 
abnormal metabolites, but are formed 
normally and abundantly in the course of 
fatty acid degradation, probably chiefly in 
the liver. They do not accumulate in the 
blood of the normal person because they are 
normally consumed in muscle and liver as 
rapidly as they are formed. Only when they 
are produced in excessively large amounts 
do clinical ketonemia and ketonuria de- 
velop, and this is undoubtedly what hap- 
pens when, for one reason or another, 
glucose is not being utilized at the proper 
rate. When glucose is scarce, either because 
of lack of dietary carbohydrate or because 
of loss of glucose in the urine, or when 
glucose, though abundantly present, is not 
being catabolized at a normal rate, exces- 
sive quantities of fat are transported from 
the depots to the liver and there degraded, 
probably to two-carbon ‘‘acetyl’’ fragments, 
and a portion of these are converted into 
acetoacetic acid. If these normal processes 
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become sufficiently exaggerated, the rate of 
acetoacetic acid formation will exceed the 
body’s capacity to destroy this compound 
and its level in the blood will rise. The 
reestablishment of carbohydrate metabolism 
in such a subject appears to relieve the liver 
of the necessity of degrading fatty acids at 
excessive rates, and as the formation of 
ketone bodies resumes its normal rate, the 
ketone bodies which had accumulated in 
the body are either excreted in the urine or 
destroyed by the tissues of the body in their 
normal fashion. It may be noted in passing 
that acetoacetic acid and “acetyl,” with 
which it is interconvertible, are believed to 
be catabolized by initial condensation with 
oxaloacetic acid to yield the same czs- 
aconitic acid encountered in the breakdown 
of glucose (reaction 24). From this point 
on the breakdown of acetyl, derived from 
fatty acids, and of pyruvate, derived 
from glucose, apparently follow identical 
pathways. 


FUSION OF METABOLIC PROCESSES 


From the foregoing discussion it will be 
apparent that the catabolic pathways of the 
carbohydrates, fats and proteins cross at 
many points and that within wide limits 
one nutrient may be substituted for another 
without significant injury to the metabo- 
lizing tissue. Each of the three major classes 
of nutrients may supply organic fragments 
which feed into the tricarboxylic acid cycle, 
a sequence of reactions which apparently 
serves to supply a large portion of the 
energy need of many biologic systems. As 
this fusion of metabolic pathways has been 
elucidated, the classic lines of demarcation 
between the metabolisms of fat, protein and 
carbohydrate have become progressively 
more obscure and more meaningless. The 
picture that is developing is one of reaction 
sequences, often cyclic, which liberate 
energy as needed by the organism, and 
these cycles apparently may be fed at many 
points and in many ways. Although ex- 
treme deviation from the normal composi- 
tion of the nutrient mixture may result 
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in the undue accumulation of one or 
another intermediate, a considerable degree 
of variation is tolerated. Whereas the 
catabolic breakdown of protein, fat and 
carbohydrate will undoubtedly continue to 
be taught, for purposes of convenience, as 
separate entities, the better understanding 
of these processes is leading to a more highly 
integrated point of view. 
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1889 first discovered that removal 

of the pancreas in dogs led to the 
development of diabetes,! much attention 
has been given to the study of this disease 
in experimental animals. Depancreatized 
dogs show the signs and symptoms of dia- 
betes and usually will die in less than three 
weeks if untreated. They exhibit not only 
profound changes in the metabolism of 
carbohydrate but also in the metabolism of 
protein, as indicated by the increased aitro- 
gen excretion and of fat, as evidenced by 
excessive ketone body formation; changes 
abnormal in quantity rather than in kind. 
The experiments in which the pancreas was 
removed indicated that normally something 
was provided by the pancreas which was 
necessary to prevent the occurrence of 
diabetes. This was supported by the finding 
that if a piece of the pancreas was trans- 
planted to another part of the body, diabetes 
was prevented.” The hormone nature of this 
pancreatic factor seems obvious now but it 
was by no means settled until insulin was 
discovered. It was not until 1922 that a 
potent, non-toxic extract of pancreas was 
prepared by Dr. F. G. Banting and Dr. 
C. H. Best at the University of Toronto.’ 
By the use of this extract they were able to 
alleviate the diabetes of depancreatized 
dogs and later of hospital patients. 

The effect of insulin in the diabetic is to 
relieve the diabetes. However, insulin does 
not entirely substitute for the removal of the 
pancreas since the other pancreatic secre- 
tions are lacking as well. Depancreatized 
animals require raw pancreas, lecithin or 
choline in addition to the insulin or their 
livers become large and fatty.* Observations 


S* Minkowski and von Mering in 


made during the study of experimental 
diabetes resulted in the discovery of lipo- 
tropic factors and the opening of a new 
field of medical research. . 

Insulin is produced in the pancreas and 
there is, as yet, no evidence for any truly 
extrapancreatic source. It is secreted by the 
islets of Langerhans, the beta cells of which 
seem to be the essential endocrine structures. 
Their importance is indicated by a great 
deal of evidence not the least of which is the 
fact that the insulin content of the pancreas 
under different experimental conditions is 
closely related to the degree of granulation 
of the beta cells as shown by the neutral 
ethyl violet-Biebrich scarlet stain of Bowie.’ 
This stain seems to be superior to most of 
the special islet stains for demonstrating the 
changes in granulation of the beta cells 
although it seems inferior to some in dif- 
ferentiating between the different types of 
cell in the islet. Using Bowie’s stain, when 
the granulation of the beta cells is reduced, 
the insulin concentration in the pancreas is 
diminished also. 

It would appear from what has been said 
that diabetes results from a deficiency of a 
particular hormone, insulin, manufactured 
by the beta cells of the pancreatic islets. In 
fact, we may define diabetes as a chronic 
metabolic disease which results from a rela- 
tively insufficient supply of insulin by the 
beta cells of the islets of Langerhans. This 
relative lack may result from a_ reduced 
insulin supply or it may result from a greatly 
increased insulin need. 

For a while it seemed that the pancreas 
alone was involved in diabetes but later it 
appeared that other organs were also im- 
plicated. A number of findings led to this 
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conclusion. First there was the evidence that 
in some animal species removal of the pan- 
creas did not lead to the development of a 
severe diabetes but only to a very mild form 
of the disease. This suggested that some 
extra-pancreatic factors must be included 
in any consideration of the diabetic state. 
The liver is one organ known to be necessary 
for the production of diabetes since after 
removal of the liver the blood sugar falls 
even in depancreatized animals.® It has been 
shown, too, that certain endocrine glands 
other than the pancreas are involved. 
Houssay and Biasotti in 1930’ found that 
the diabetes resulting from pancreatectomy 
could be alleviated by removal of the 
pituitary gland. It was shown by these and 
other workers that extracts of the anterior 
pituitary gland would bring back the dia- 
betes once more, and that even in normal 
intact dogs injections of the extracts gave 
rise to a diabetic state. Diabetes may be 
alleviated also by removal of the adrenal 
glands® and, to a less extent, by removal 
of the thyroid gland.°® 

As a result of these experiments, it can no 
longer be said that the absence of beta cells 
of the islets is responsible entirely for the 
diabetic picture. It would appear that the 
presence of the pituitary and certain other 
endocrine glands is essential, too. There are 
then two antagonistic systems, one neces- 
sary to prevent diabetes and one tending to 
cause diabetes. When the one _ tending 
to cause diabetes predominates, diabetes 
results. 

It will be evident from what has been 
said that there are many problems remain- 
ing in the study of diabetes. These can best 
be studied in the experimental animal in 
which conditions may be more or less con- 
trolled. Let us look for a moment at the ways 
in which diabetes can be produced experi- 
mentally. It was noted earlier that diabetes 
can be produced by pancreatectomy. It can 
be produced, too, by removing almost but 
not all the pancreas, i.e., by extensive 
partial pancreatectomy. Such a partially 
depancreatized animal is useful because the 
changes in the islets of Langerhans in the 
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remnant of pancreas can be followed. The 
characteristic changes in the islets found in 
these diabetic animals are degranulation 
and hydropic degeneration of the beta 
cells.1°!} 

The third method of producing diabetes 
experimentally is by the injection of extracts 
of the anterior pituitary gland mentioned 
briefly before.’ It should be pointed out 
that there is a great species difference in the 
response to these pituitary extracts. Diabetes 
can be obtained in the intact adult dog or 
cat by their injection but not in the young 
of these species nor in the rat, which is very 
resistant. In the adult dog pituitary dia- 
betes can be separated into two phases, a 
transient diabetes present during the injec- 
tions of the extracts and a permanent 
diabetes which is to be observed, under some 
circumstances, after the injections of pitul- 
tary extracts are stopped. 

The diabetes that occurs while the ex- 
tracts are being injected is known to require 
the presence of the liver’! and, according to 
some, the adrenal glands also.*!° The dia- 
betes resulting from the injection of the 
extract may be severe, with high fasting 
blood sugar values, glucosuria, increased 
ketone body formation and excretion, in- 
creased N excretion and other changes 
characteristic of diabetes. If the extract has 
not been too potent or the injections too 
prolonged, the diabetes stops shortly after 
the injections are discontinued. However, 
if the effect of the extract is great enough, 
the diabetes persists after the injections are 
discontinued, that is, it becomes permanent. 

During the course of injections of the 
anterior pituitary extract certain changes 
take place in the pancreas. The insulin con- 
tent of the pancreas is greatly reduced (to 
less than 49 of the normal value) and 
there are extensive changes in the islets of 
Langerhans.'*!" The beta cells show pro- 
gressive degranulation and finally hydropic 
degenerative changes. If the effect of the 
injections is not too great, after they are 
discontinued the islet cells can be restored 
and the insulin content of the pancreas 
comes back to normal levels. If the extract 
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is more potent or the length of administra- 
tion greater, the islets may be permanently 
damaged and a permanent reduction in 
normally functioning beta cells and a per- 
manent lowering of the insulin content of 
the pancreas result. The persistence of the 
diabetic state after the anterior pituitary 
extract is stopped is dependent, therefore, 
on a permanent reduction in islet tissue; in 
effect, a removal of the beta cells instead of 
a removal of the pancreas as a whole. When 
the anterior pituitary injections are first 
given, the diabetes is fundamentally a 
pituitary diabetes (hypophyseal diabetes). 
Later, the persistence of the diabetic state 
depends on pancreatic changes and the 
diabetes is fundamentally pancreatic (meta- 
hypophyseal diabetes). 

F. G. Young, who first studied meta- 
hypophyseal diabetes extensively, has re- 
ported recently that in cats a pituitary- 
induced diabetes may disappear despite the 
persistence of hydropic degenerative changes 
in the beta cells of the islets.!® This observa- 
tion has not yet been explained. While 
suppression of endogenous pituitary activity 
would seem to be the simplest postulated 
cause, Young states that there is no his- 
tologic evidence for this. 

It is not possible to discuss here the 
nature of the diabetogenic pituitary factor. 
Long and Lukens reported that after re- 
moval of the adrenals the diabetogenic 
effect of pituitary extracts was not observed. 
This suggests that something acting through 
the adrenals may be involved. Young be- 
lieves, however, that the diabetogenic effect 
of pituitary extracts is not due to an adreno- 
corticotrophic material (ACTH) since his 
diabetogenic pituitary preparations pro- 
duced no obvious response in human pa- 
tients whereas ACTH has been reported to 
produce a diabetic state in man. The 
evidence is increasing that purified growth 
hormone, as well as adrenocorticotrophic 
hormone, is diabetogenic in some species. 

The importance of the adrenal glands in 
the genesis of diabetes has been shown by 
the fact that removal of the adrenals 
ameliorates to some extent the diabetes 
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resulting from pancreatectomy. Adrenal 
cortical substances themselves will cause 
hyperglycemia and glycosuria when ad- 
ministered in sufficient quantities to normal 
rats!® but these changes disappear when the 
injections cease and no permanent diabetes 
results. Similar effects have been obtained 
with pituitary adrenocorticotrophic material 
(ACTH) in rats,”° and a temporary diabetes 
resistant to insulin has been induced in man 
by the administration of purified prepara- 
tions of ACTH.”! A reduced tubular ab- 
sorption of glucose contributed to the 
glycosuria in these patients. There was at 
the same time a decreased concentration of 
blood glutathione and an increased excre- 
tion of uric acid in the urine. These changes 
are interesting in view of the fact that 
Griffith”? has reported the production of 
diabetes in the rabbit by the administration 
of uric acid in the presence of lowered blood 
levels of glutathione (see alloxan). The 
administration of glutathione to subjects 
showing hyperglycemia and glycosuria as a 
result of the injections of ACTH caused 
these changes to be reversed.”* 

What has just been discussed constitutes 
the fourth method by which diabetes may 
be produced experimentally, namely, by 
the administration of adrenal cortical sub- 
stances or by the injection of purified pitui- 
tary adrenocorticotrophic materials. 

A fifth and lesser diabetogenic effect is 
that produced by estrogens. Despite the 
reported fact that estrogens may reduce the 
amount of insulin which the diabetic patient 
requires, these materials are diabetogenic in 
rats whose caloric intake has been main- 
tained by force-feeding. ‘The way in which 
this effect is brought about is not clear but 
it is apparently not mediated by the pitui- 
tary or adrenal glands.”* 

Thyroid administration should be in- 
cluded as the sixth way of producing dia- 
betes though this effect has been obtained 
only when a large part of the pancreas has 
been removed.” ‘Thyroid treatment in 
partially depancreatized diabetic rats, how- 
ever, caused the diabetic state to disappear. *® 
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The seventh way of producing a perma- 
nent diabetes experimentally is by the in- 
jection of glucose. Dr. Lukens and Dr. 
Dohan of Philadelphia showed that repeated 
intraperitoneal injections of glucose in the 
cat led to degenerative changes in the islets 
of Langerhans and to a permanent diabetic 
state. 

It should be pointed out that the de- 
generative Changes in the islets of Langer- 
hans are much the same in the animals made 
diabetic by partial pancreatectomy, pitui- 
tary injections or glucose injections. In dogs 
the change is degranulation, hydropic 
degeneration and finally disappearance of 
the damaged beta cells, whereas in cats 
persisting hydropic beta cells are evident. 
There is good reason to believe that in all 
these cases the permanent islet changes 
result from exhaustion of the islet cells 
through overwork. 

The last way of producing diabetes ex- 
perimentally is by the administration of 
alloxan, an oxidation product of uric acid.” 
The islet changes following alloxan ad- 
ministration differ from those just men- 
tioned. Here there is a specific necrosis of 
the beta cells, evident in a few hours and 
followed by the disappearance of beta cellis 
in a few days. These cells apparently disap- 
pear without signs of inflammatory reaction. 
Alpha cells replace beta cells or agranular 
cells are evident. The insulin content of the 
pancreas is reduced.”® 

Doses of alloxan too small to produce 
diabetes may yet produce some changes in 
islet function. Subdiabetogenic doses of 
alloxan have been shown to lead to an 
impaired tolerance for glucose and to cause 
an enhanced diabetogenic effect of pituitary 
extracts in rats.*° 

Although the type of islet change is dif- 
ferent in the alloxan-treated animals (a 
toxic necrosis rather than hydropic de- 
generation), the end result is the same, 
namely, the reduction in functioning beta 
cells of the islets of Langerhans. With the 
exception of the alloxan diabetic animals 
and others in this class, there is good reason 
to believe that the degenerative islet changes 
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all result from overfunction of the beta 
islet cells. 

In experimental diabetes the permanence 
of the state in all instances depends upon 
some permanent reduction in normally 
functioning beta cells of the islets of Langer- 
hans. This, coupled with the fact that all 
types of experimental diabetes can be re- 
lieved by insulin, makes it seem possible 
that diabetes could be cured by sufficiently 
increasing the amount of insulin-producing 
tissue in the animal’s pancreas. Since this 
may be so and also since several types of 
experimental diabetes are produced by 
exhaustive overwork of the beta cells, it 
seems important to find out what factors 
influence the growth of the islets and affect 
the elaboration and secretion of insulin. 

This has been studied by measuring the 
total volume or weight of the islets and 
determining the insulin content of the 
pancreas. It should be pointed out that the 
insulin content of the pancreas represents 
a balance between the production of insulin 
and its liberation or secretion. It may in 
some instances also bear a relation to the 
total volume of the insulin-secreting tissue. 
In itself the insulin content of pancreas may 
give little information concerning islet func- 
tion. It may be reduced, for example, by 
decreased production of insulin or by in- 
creased liberation of insulin. However, if 
the changes in the insulin content of pan- 
creatic tissue are observed under a variety 
of conditions and other findings are cor- 
related with these, the insulin values be- 
come more significant. ‘Two examples will 
be given: 

The first example concerns the effect of 
partial removal of the pancreas on the 
insulin content of the pancreatic remnant 
in the dog.*! It is found that if a large but 
not excessive amount of the pancreas is 
removed (e.g., 45), the animal does not 
become diabetic and the insulin content of 
the pancreas remains within the normal 
range. Since only one-fifth of the pancreas 
remains and is supplying sufficier:t insulin 
for the animal and yet the insulin concen- 
tration in the remnant is not reduced, it 
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follows that the production and liberation 
of insulin by the cells of the remnant over a 
period of time must be increased. The ex- 
tent of the increase will be related to the 
amount of pancreas removed. When the 
amount removed is sufficient to result in 
diabetes, the insulin concentration in the 
pancreatic remnant is reduced to low 
values and the islet cells become hydropic. 
There seems to be some justification in con- 
cluding that the low insulin values and islet 
cell changes under these circumstances are 
due to overwork of the islet cells. 

The second example concerns the effect 
of repeated insulin injections upon the 
insulin content of the pancreas.*? When 
daily injections of adequate amounts of 
insulin are given to rats, the insulin content 
of the pancreas is reduced. Since insulin is 
being supplied by injection, it seems logical 
to conclude that the need for endogenous 
insulin is diminished and that the reduction 
in insulin content under these circumstances 
is not due to overactivity of the islets but 
rather to a reduced function of the islet cells. 
This is supported by the fact that the low 
insulin values are accompanied by the 
histologic finding of a lesser number of 
negative Golgi images in the beta cells of 
the islets of Langerhans, a finding usually 
taken to indicate reduced cellular activity. 
It should be noted, too, that the degree of 
beta cell granulation is decreased by the 
injection of insulin. 

This brings up the point that a reduction 
in the specific granulation of the beta cells 
is related to the insulin concentration in the 
islet cells rather than to the state of activity 
of those cells. Hence it is important to 
recognize that a degranulated beta cell may 
be one with greatly increased activity or 
greatly reduced activity. 

By comparison of the islet changes with 
those following partial pancreatectomy and 
by the use of insulin administration along 
with other given experimental procedures, 
it seems possible to conclude whether or not 
the given procedure itself produces its effect 
by increasing the activity of the islets or by 
reducing the activity of the islets. Taken in 
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relation to other findings and under a variety 
of experimental conditions it does appear 
then that studies of the insulin content of 
pancreas may help to reveal the state of islet 
function. 

The measurement of islet volume or 
weight is, at best, a tedious procedure but, 
in the rat, reliable data can be obtained 
reasonably quickly by the use of a vital 
staining procedure and a planimetric method 
of measurement. ** 

It is possible to relate some of the findings 
concerning islet volume and insulin content. 
It is found first of all that the volume or 
weight of the islets and the insulin content 
of the pancreas increase with age or body 
weight.***4 This seems to hold for humans 
as well as animals and the relation to body 
weight according to Ogilvie® obtains also 
in the obese human, fatty tissue apparently 
requiring no less insulin than other tissues. 
For the rat, within a wide weight range, the 
insulin concentration per Gm. of pure islet 
tissue is in the neighborhood of 100 to 200 
units. This is the value one might expect in 
a tumor of pure islet tissue. In one islet 
tumor a value of 214 units per Gm. has been 
obtained. *® 

It has been found that, in general, those 
factors which reduce insulin production and 
liberation also reduce the growth of the 
islets in young rats, and those factors which 
lead to a stimulation of insulin secretion 
also increase the growth of the islets in 
young rats. 

We can list the effects on the islets by 
saying that good examples of factors re- 
ducing islet activity and in young rats de- 
pressing islet growth are: (1) the repeated 
injection of insulin, (2) the reduction of the 
caloric intake and (3) the use of diets low 
in carbohydrate. Factors stimulating islet 
secretion and, in young rats, increasing 
islet growth are: (1) the injection of certain 
anterior pituitary extracts, (2) the ad- 
ministration of thyroid materials, (3) the 
use of a high carbohydrate diet and (4) the 
continuous injection or repeated injections 
of glucose. 
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Let us examine these effects briefly. 
Insulin administration in adequate doses 
in rats reduces the insulin content of the 
pancreas to less than half that of the control 
animals within seven days.*? Such a short 
period of insulin administration gives no 
demonstrable reduction in islet volume, 
hence the change in the insulin content of 
the pancreas is due to a reduction in the 
concentration of insulin in the islet cells. 
When insulin is given to young growing 
rats for periods of from 20 to 160 days, how- 
ever, a significant inhibition of the growth 
of the islets is obtained.*’ The total islet 
weights in the insulin-injected animals were 
less than in the control rats when compared 
on the basis of duration of the test or body 
weight. There is some evidence, too, though 
not very extensive, that when the insulin 
injections are discontinued the islet volume 
is restored to normal in a few weeks. There 
is as yet no good evidence that insulin ad- 
ministration alone ever reduces the islet 
tissue below the initial level. 

Starvation or undernutrition are other 
factors exerting an important influence on 
the islets. Starvation greatly reduces the 
insulin content of the pancreas.** Yet 
starvation of equivalent severity, as judged 
by the percentage weight loss (17 to 30 per 
cent), gives no appreciable reduction in 
the islet volume.** Hence the reduction in 
the insulin content of the pancreas, as with 
short periods of insulin administration, is 
due to a reduction in the concentration of 
insulin in the islet cells. ‘This is borne out by 
the finding of reduced granulation in the 
beta cells of the islets in the starved rats. 
The presence of few negative Golgi images 
in histologic sections suggests that the effect 
is related to a reduced activity of the islets, 
a suggestion that is supported by the finding 
that the insulin content of the pancreas and 
beta cell granulation are still further dimin- 
ished if the fasted animals are injected with 
insulin. *? 

While over short periods, with complete 
starvation, a reduction in the islet volume 
was not observed, yet if young animals are 
undernourished for longer periods of time 
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an influence on islet growth can be demon- 
strated.*7 When the intake of a balanced 
diet is just sufficient to maintain body weight 
but insufficient for growth, it is found after 
three to five weeks that the islets in the 
undernourished group have failed to grow, 
i.e., they do not show the normal increase 
in islet volume with age. The effects of fast- 
ing and undernutrition on islet growth and 
function are probably due to the restriction 
of carbohydrate intake. The insulin content 
of the pancreas is much less after a period 
on a diet very rich in fat than it is when an 
equicaloric amount of sugar is given.*® 

As a result of fasting or undernutrition 
marked changes in carbohydrate metab- 
olism have been reported, grouped usually 
under the inclusive term “‘hunger diabetes.”’ 
The response to the ingestion of carbohy- 
drate is similar to that of the diabetic. There 
is hyperglycemia and glycosuria and a high, 
prolonged glucose tolerance curve. How- 
ever, these animals differ from the diabetic 
in that successive doses of carbohydrate 
improve the condition. It is conceivable 
that the altered response to carbohydrate 
by the tissues of the starved animal results 
from a reduced continuous supply of insulin. 
Most studies, however, indicate that insulin 
administration increases the carbohydrate 
tolerance a little but does not restore it 
completely. The effect of a continuous in- 
jection of insulin should be tested. 

Dr. Lundbaek, of Copenhagen, and Dr. 
Goranson, of Toronto, have shown that in 
the rat fasting, even for short periods of time, 
causes a definite increase in the phosphoryl- 
ase activity of muscle.*® This is due to an 
increase in the relative proportion of the 
active a form of phosphorylase as compared 
to the inactive 6 form. The a or active form 
of phosphorylase is thought to be converted 
to the inactive 5 form through the action of 
the P-R (prosthetic-group removing) en- 
zyme. Hence an increase in phosphorylase a 
on fasting suggests that the action of this 
P-R enzyme has been diminished. The 
change in phosphorylase activity and pre- 
sumably of the P-R enzyme is quickly 
reversed by refeeding the fasted animal. An 
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increase in phosphorylase activity on fasting 
probably assists in the mobilization of 
glycogen stores at a time when no exoge- 
nous carbohydrate is available. 

It seems obvious that the effect of fasting 
on carbohydrate metabolism must be due 
to some alteration in the activity of those 
tissues which are important in the new 
production, storage, liberation or use of 
sugar. One of the important changes may 
be the increase in phosphorylase activity 
which has just been discussed. 

Diet also affects the volume of the islets 
of Langerhans. It has been shown by Tjen- 
ing that growing animals on a high fat diet 
for a long period of time have a smaller 
volume of islet tissue than those fed a high 
carbohydrate diet.*° The various factors 
mentioned, insulin administration, fasting 
or undernutrition and high fat or low car- 
bohydrate intake, appear to decrease the 
insulin content of pancreas and to diminish 
the growth of the islets in young rats as a 
compensation for a diminished need for 
endogenous insulin. 

The factors stimulating islet activity are 
those which increase the need for insulin. 
Young and his associates showed that injec- 
tions of crude saline extracts of the anterior 
pituitary gland lead to an increase in insulin 
content of pancreas*! and to increased islet 
growth in young rats.*? We have confirmed 
the effect on islet growth.*’ A positive cor- 
relation between islet size and the size of 
the pituitary has been reported by Tjening. 
While these facts point to a pituitary pan- 
creatrophic effect, the evidence that the 
pituitary gland normally exerts any essen- 
tial regulation of islet function is not at all 
convincing. Krischesky** reports an increase 
in islet tissue following hypophysectomy in 
the rat, although his published data could 
be interpreted as showing no significant 
change. In our studies it was found that 
hypophysectomy does not lead to any sig- 
nificant reduction in the insulin content of 
the pancreas or the islet volume below that 
of paired-fed control animals although the 
values obtained are considerably less than 
in control animals fed ad libitum.*’ Any 
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effects that do occur in the hypophysectom- 
ized animals might be ascribed to under- 
nutrition. Moreover, the insulin-lowering 
effect of fat-feeding can still be obtained 
after removal of the pituitary gland and, 
having been lowered, the insulin content 
can be restored again to normal in such an 
animal by feeding a balanced diet.** These 
findings would seem to indicate that the 
pituitary is not fundamentally involved in 
these changes. The pancreas seems able to 
regulate the production and liberation of 
insulin independently of the pituitary gland. 

Administration of desiccated thyroid also 
is reported to lead to an increase in the 
insulin content of pancreas* and it has been 
found that there is also an increase in the 
total bulk of the islets.*” The effect on islet 
volume could not be demonstrated satis- 
factorily until after forty days. This is 
interesting in view of the report by Houssay 
and associates that the diabetes of partially 
depancreatized rats disappears as a result 
of thyroid treatment.”® 

By far the most rapid effect on the growth 
of the islets, with the factors yet. investi- 
gated, is obtained by the continuous injec- 
tion of glucose. This had been reported by 
Woerner to cause an increase in islet vol- 
ume in guinea pigs*® but quantitative data 
were not available. It was found in the 
experiments at the University of ‘Toronto 
that the continuous injection of glucose 
intravenously for seven to ten days caused 
a marked increase in the mass of islet tissue 
in growing rats.*’ In fact, the islet tissue was 
doubled in volume in this time. From this 
it would appear that in a normal, intact, 
growing rat the islet tissue is very labile 
and responds to stimulation by growth as 
well as secretion. Work done in order to find 
whether or not the effect is mediated by 
the pituitary gland has been inconclusive 
as yet. 

There is evidence that the activity of 
islet cells is stimulated by conditions elevat- 
ing the blood sugar level. Whether or not 
the elevated blood sugar acts as a direct 
stimulus for the islets or whether blood 
insulin level is involved cannot be decided 
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at present. he experiments of Anderson*’ 
on the isolated perfused pancreas support 
the view that blood sugar level is the im- 
portant factor. The recent experiments 
reported by Milman and Russell*® are 
interesting in this regard. ‘They found that 
highly purified growth hormone when in- 
jected intraperitoneally into normal male 
rats caused a significant and prolonged 
reduction in blood sugar level. In alloxanized 
or partially depancreatized rats, however, 
the injection of this material caused a rise 
in the blood sugar values. It is possible that 
the differences in the effects might be due to 
changes in the response of tissues in the 
presence of adequate or small amounts of 
insulin. It would seem more probable, how- 
ever, that the pituitary growth hormone 
produces hyperglycemic or contra-insulin 
effects, but in the presence of adequate islet 
tissue these lead to a sufficient secretion of 
insulin to cause hypoglycemia. Since the 
effect is very prolonged, it would suggest 
either that insulin secretion may be stimu- 
lated in the presence of a falling blood sugar 
level or that the insulin secreted by the 
pancreas has a very prolonged effect. ‘The 
experiments lend support to the view that 
some factor other than blood sugar level, 
possibly blood insulin level, is important in 
the stimulation of the secretion of insulin 
by the islet cells. Another interesting experi- 
ment not supporting this view is that of 
Peterson*® who injected glucose quickly into 
the heart in large doses and found that in 
fifteen minutes there was degranulation of 
the beta cells of the islets. This degranula- 
tion was not prevented by the injection of 
insulin along with the glucose. 

Because a procedure leads to an increase 
in the islet tissue in the rat does not mean 
that such a procedure is good or bad as far 
as the prevention of diabetes is concerned. 
Growth, in these experiments, can be con- 
sidered as an evidence of islet stimulation. 

It will be apparent that the factors which 
we have cited as increasing the insulin con- 
tent or islet volume in the rat, namely, the 
administration of pituitary extract, thyroid 
extract or large amounts of sugar, are all 
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diabetogenic in the adult dog or cat, Le., 
they help to produce diabetes in these 
animals. In the intact rat, diabetes probably 
does not occur either because the increase 
in functioning islet tissue is great enough or 
because these factors do not increase the 
need for insulin as greatly in the rat as in 
the dog. At all events the compensatory 
increase in the insulin producing structures 
and in insulin secretion is great enough to 
prevent the onset of diabetes. 

We can conclude from these data that 
certain factors stimulate the islets and cer- 
tain factors depress them. In experimental 
animals the stimulating factors may produce 
diabetes; but if there is a sufficient com- 
pensatory increase in islet tissue and insulin 
secretion, diabetes may not occur. There is 
a species difference in this response and 
it is important to discover the reason for this 
difference. 

One further point should be mentioned 
and that is that those factors which reduce 
islet activity can prevent or at least reduce 
the damaging effects on the islets of other 
procedures which ordinarily stimulate the 
islets excessively.°® Fasting, fat-feeding or 
insulin administration, for example, all tend 
to prevent the injurious effects of pituitary 
injections on the islets of dogs, and fasting 
or insulin administration prevents the islet 
changes in animals with extensive partial 
pancreatectomy. The observation of Hous- 
say and Martinez*! of an adverse effect of 
fat in 95 per cent depancreatized rats is 
difficult to reconcile with these findings and 
further clarification of the effect of fat is 
required. 

We know then that there are certain 
factors which stimulate the islets and which 
when excessive, or under certain other 
conditions, may cause diabetes. It is appar- 
ent, too, that certain other factors depress 
islet activity and can prevent the excessive 
stimulation of the islet cells, hence can 
prevent most but not all forms of diabetes in 
experimental animals. ‘The exception is the 
diabetes resulting from the administration 
of alloxan. 
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Much remains to be done in elucidating 
the cause of diabetes and in finding factors 
which influence islet growth. Perhaps human 
diabetes can be prevented or cured. Much 
experimental work must be done in the 
investigation of the complications of dia- 
betes, especially the vascular, renal and 
ocular changes. Investigations in this field 
are just beginning. Another problem re- 
quiring clarification is the effect of removal 
of the pancreas in alloxan diabetes, pituitary 
diabctes and human diabetes. Some report 
a decrease in insulin requirements®”** and 
others no change.** When a decrease is 
found, this may conceivably be due to an 
altered absorption of food materials or 
possibly to the removal of some influence 
of a pancreatic hyperglycemic factor. Hence 
the physiologic significance of the hyper- 
glycemic factor must be determined. 

We have mentioned the ways in which 
diabetes can be produced experimentally 
and have intimated that in all instances the 
existence of diabetes could be ascribed to a 
relative lack of insulin. Yet we have given 
no indication of how insulin acts or what 
essential changes are occurring in the tissues 
of the diabetic. We cannot at this point 
enter into a discussion of the mode of action 
of insulin. Its essential action is probably on 
some of the enzyme systems involved in the 
intermediate metabolism of carbohydrate. 
Cori and associates reported that insulin 
exerts an influence on the hexokinase 
system which is responsible for the phos- 
phorylation of glucose and the bringing of it 
into the metabolic chain in the tissue cells.*° 
Others have postulated different sites of 
action for insulin. Recently support has been 
found for a more generalized influence, 
namely, an increase in the efficiency of 
the coupling between phosphorylation and 
oxidation. 

Goranson** has observed that the aerobic 
phosphorylation of creatine during succinate 
or malate oxidation in heart muscle prepa- 
rations from alloxan diabetic rats was 
significantly less than in the normal al- 
though no significant difference in oxygen 
uptake was noted. Insulin injected into the 
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alloxanized rats prior to the test caused no 
appreciable change in the oxygen consump- 
tion of heart muscle preparations but 
restored the ability of the tissue to syn- 
thesize phosphocreatine. This and other 
evidence led him to the conclusion that 
insulin participates directly in reactions in 
the tricarboxylic acid cycle leading to a 
more efficient coupling between the proc- 
esses of phosphorylation and oxidation. 
According to present concepts the synthesis 
of adenosine triphosphate and phospho- 
creatine represent the chief means whereby 
the potential energy of carbohydrate, and 
presumably of the breakdown products of 
fat and protein, too, is transferred to energy- 
utilizing systems. Hence the more efficient 
coupling between the processes of phos- 
phorylation and oxidation brought about 
by insulin would lead to an increase in the 
efficiency with which the potential energy 
of carbohydrate is made available for such 
endergonic processes as the synthesis of 
glycogen and other cellular components. 
Data are accumulating concerning the 
mode of action of insulin and one can 
assume that before long some fundamental 
action will be established. 

We are not satisfied, however, with the 
state of our knowledge concerning experi- 
mental diabetes. Let me end by quoting 
Oscar Minkowski,®*’ the man who first 
depancreatized a dog, produced and recog- 
nized experimental diabetes. ‘“‘It may be 
useful . . . to point out, which the dis- 
covery of insulin shows clearly, that scientific 
research which does not lead immediately 
to a practical end, sooner or later may have 
success in practice. Also it is not necessary 
to solve every problem regarding the ele- 
ments of nature in order to serve mankind. 
It is sufficient to search for the laws by 
which they work in order to master them.” 
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olism of human diabetes mellitus is 

explainable on the basis of deficiency 
of insulin. In remarkably few cases, either 
preceding or following establishment of the 
diabetic state, is there clear evidence of 
disturbance of function of other glands of 
internal secretion which are known to play 
an important role in carbohydrate metab- 
olism. In the majority of cases of diabetes 
the function of the anterior pituitary, thy- 
roid and adrenal cortex is normal by all 
clinically available methods of measurement. 

Nevertheless, there is good evidence that 
hyperfunction of the anterior pituitary, 
thyroid or adrenal cortex may, in an oc- 
casional case, contribute to the development 
of diabetes in susceptible individuals, or 
may intensify diabetes which is already 
existing. By the same token, when hypo- 
function of these glands of internal secretion 
results from destructive lesions or surgical 
extirpation, existing diabetes may be amel- 
iorated in varying degrees. 

In some cases of tumors of the pituitary 
or adrenal cortex, or of hyperplasia of the 
adrenal cortex, diabetes occurs and _ is 
apparently due primarily to hyperfunction 
of the involved gland. In such instances the 
presence of other stigmas of hyperfunction 
of the gland in question usually serve to 
distinguish the associated diabetes from the 
commonly observed forms of the disease. 
Furthermore, in such cases all evidences of 
diabetes may disappear when and if normal 


T most instances the disturbed metab- 


function of the anterior pituitary or adrenal 
cortex 1s restored. 

Evidences of diabetes may also be ob- 
served in cases cf thyrotoxicosis and may 
disappear -with the restoration of normal 
function of the thyroid. Many authors 
regard these as cases of latent diabetes 
which are brought to light by the metabolic 
stress of hyperthyroidism rather than as 
cases of diabetes resulting solely from 
hyperthyroidism. 

Animal experimentation has gone far in 
elucidating the role of the anterior pituitary, 
thyroid and adrenal cortex in carbohydrate 
metabolism, particularly the disturbed car- 
bohydrate metabolism of experimental dia- 
betes. What has been learned in this field 
from the study of animals can occasionally 
be applied directly to the human being. 
It is our purpose to present a group of cases 
of diabetes mellitus from the records of the 
Mayo Clinic in which the development or 
behavior of the disease was modified by 
either hypofunction or hyperfunction of the 
anterior pituitary, thyroid or adrenal cortex, 
and to discuss briefly the physiologic 
principles involved. 


ANTERIOR PITUITARY AND HUMAN DIABETES 


Diabetes Mellitus Associated with Acromegaly 
and with Hypopitutarism. ‘That the anterior 
lobe of the pituitary body has profound 
eflects on carbohydrate metabolism has 
been shown in many ways experimentally. 
Diabetes in depancreatized animals is 


* From the Division of Medicine, Mayo Clinic, Rochester, Minn. 
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made milder by hypophysectomy, as was 
demonstrated by Houssay! in his classic 
experiments. The diabetes of the Houssay 
animal is intensified by the administration 
of extracts of the anterior pituitary. Further- 
more, as shown by Young,” permanent 
diabetes can be induced in animals by the 
administration of extracts of the anterior 
lobe of the pituitary. These facts and other 
evidence would suggest that hyperfunc- 
tioning lesions of the anterior lobe of the 
pituitary in human beings might frequently 
be associated with diabetes. This is at least 
partially true in that a higher incidence 
of diabetes occurs among patients with 
acromegaly than would be expected by 
chance. However, all patients with com- 
parable hyperfunctioning lesions of the 
anterior pituitary are not diabetic and it 
is possible that a fundamental deficiency 
of the islets of Langerhans must exist before 
a hyperactive lesion of the pituitary can 
produce diabetes. The diabetes in these 
cases usually is mild and relatively insensi- 
tive to insulin. When the lesion of the 
pituitary becomes inactive, either spon- 
taneously or as a result of treatment, the 
diabetes may become milder or may, for 
all practical purposes, disappear. The 
following case illustrates some of these 


points. 


Case 1. A white woman, fifty-five years of 
age, was well until October, 1948, when she 
noted the gradual onset of fatigue, pruritus 
vulvae, polydypsia, polyuria, loss of weight and 
blurring of vision. Glycosuria and a concentra- 
tion of blood sugar of 384 mg. per 100 cc. were 
discovered by her physician and a diabetic diet 


was prescribed. Insulin was not used. The dia- 


betes on her admission to the clinic a few weeks 
later was uncontrolled. 

The appearance of the patient at this time 
suggested acromegaly. Her hands and feet were 
large and she stated that the size of her glove 
had increased from 61% to 9 and that her shoes 
had to be wider but no longer than formerly. 
These chariges had developed gradually during 
the previous two years. On questioning she ad- 
mitted that headaches in the frontal region 
were rather frequently present in the mornings 
on arising. Prognathism was not present. Roent- 
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genograms of the skull showed evidence of an 
enlarged sella turcica owing to an intrasellar 
tumor with decompression into the sphenoid 
sinus. A roentgenogram of a hand showed evi- 
dence considered typical of acromegaly. The 
value for blood sugar was 370 mg. per 100 cc. 
Urinary excretion of 17-ketosteroids was 11.7 
mg. in twenty-four hours. The concentration of 
phosphate in the plasma was 3.3 mg. per 100 cc. 
The basal metabolic rate was +20 per cent. 
Visual fields were normal as were the ocular 
fundi. Results of neurologic examination were 
negative. 

Diagnoses of pituitary tumor with acromegaly 
and diabetes mellitus were made. The diabetes 
was brought under control with some difficulty, 
but in about five days the sugar in the urine was 
markedly reduced. A mixture of insulin con- 
taining 20 units of protamine zinc and 42 units 
of regular insulin was given each morning before 
breakfast. The diet consisted of 1,962 calories. 
Insulin reactions did not occur. A course of 
roentgen therapy was given for the tumor of the 
pituitary and the patient was permitted to 
return home and advised to continue use of the 
aforementioned dose of insulin and diet. 

When the patient returned in five weeks for a 
second course of roentgen therapy, she told of a 
striking change in the diabetes. During the first 
two weeks at home she continued to need a total 
of 62 units of insulin daily. An increased amount 
of sugar appeared in the urine during an upper 
respiratory infection. After this, however, there 
was a rapid drop in the requirement for insulin. 
During the second visit it was found that 10 units 
of protamine zinc insulin daily kept her urine 
free of sugar. On fasting the concentration of 
blood sugar was 147 mg. per 100 cc. Herstrength 
had increased and she felt well. The second 
course of roentgen therapy was given. 

Again, after an interval of five weeks, the 
patient returned for a third course of roentgen 
therapy. At this time the dosage of insulin was 
6 units of protamine zinc daily. The urine was 
consistently free of sugar. 

She did well for the next two weeks and then 
symptoms of increased intracranial pressure 
developed rather rapidly with headaches, vomit- 
ing and finally unconsciousness. She was brought 
to the clinic and immediately hospitalized; a 
lumbar puncture was cautiously performed. 
This revealed a protein content of 110 mg. per 
100 cc. and 18 lymphocytes and 21 polymorpho- 
nuclear cells per cubic milliliter. The most 
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probable diagnosis was meningeal irritation 
associated with rupture of the intrasellar tumor. 
Treatment was conservative and recovery oc- 
curred slowly. During the period of increased 
stress the fasting blood sugar varied from 130 to 
168 mg. per 100 cc. Insulin was not required 
and there was no glycosuria. At the time of her 
dismissal she was not taking any insulin and was 
again feeling well. Visual fields still showed no 
encroachment. The basal metabolic rate was 
+16 per cent. 


This patient had apparently had active 
acromegaly due to a tumor of the pituitary 
for about two years at the time diabetes 
developed. The diabetes was not mild but 
was rather insulin-insensitive. Roentgen ray 
treatment of the pituitary gland was fol- 
lowed in several weeks by a rapid decrease 
in the severity of the diabetes. It cannot be 
concluded with certainty that the ameliora- 
tion of the diabetic state was due solely to a 
decrease in function of the pituitary as the 
same type of change in severity of diabetes 
is occasionally seen when the disease is first 
brought under control. However, the fact 
that treatment for acromegaly was followed 
by such a profound change in the diabetes 
is highly suggestive. That the diabetes was 
actually milder after the treatment of the 
pituitary is further indicated by the fact 
that the stress of the severe illness described 
did not produce, temporarily, a more severe 
diabetic condition than was present before. 

Almy and Shorr? have recently described 
a case of diabetes mellitus made manifest by 
acromegaly which disappeared completely 
when hypofunction of the anterior pituitary 
appeared. An abstract of the case is given 
here because evidence for hypofunction of 
the pituitary is stronger than it is in our 
case. 


A man, forty years of age, had had acromegaly 
for fourteen years and diabetes for five years. 
The diabetes was relatively insensitive to 
insulin in that 60 units of protamine zinc insulin 
did not reduce the amount of sugar in the urine. 
The glucose tolerance curve indicated the 
presence of diabetes. Acute mastoiditis and 
basilar meningitis developed and mastoidectomy 
was performed. Eighteen days later the urine 
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was free of sugar and fasting blood sugar and 
glucose tolerance curves became normal. Five 
years later he was still free of diabetes. During 
this period the sella turcica became reduced in 
size and the basal metabolic rate dropped to 
—30 per cent. There was no evidence of 
adrenal insufficiency. The authors attributed 
the sudden disappearance of the diabetes to 
partial degeneration of the anterior pituitary 
with consequent reduction in the elaboration of 
the diabetogenic principle. 


Neither of these cases describes the ap- 
pearance of hypofunction of the anterior 
pituitary of a patient with true diabetes 
mellitus, that is, diabetes due solely to a 
deficiency of insulin. Such an occurrence 
must be exceedingly rare. A search of the 
records of the Mayo Clinic for the past 
fifteen years reveals no authenticated case. 
Theoretically such a patient should show 
amelioration of the diabetes, just as pan- 
creatic diabetes in the experimental animal 
is ameliorated by hypophysectomy. 


THYROID GLAND AND HUMAN DIABETES 


Diabetes Mellitus and Hyperthyroidism. An 
excess of thyroid hormone in non-diabetic 
individuals may produce glucose tolerance 
curves resembling those of patients with 
mild diabetes mellitus. This is probably due 
in part to an increased rate of absorption of 
glucose from the gastrointestinal tract and 
perhaps in part to impairment of the 
capacity of the liver to store glucose as 
glycogen. When hyperthyroidism develops 
in a case of diabetes, the decreased sugar 
tolerance already existing is further de- 
pressed and the diabetes becomes more 
severe. It is also important to note that 
diabetes may first become manifest with 
the onset of hyperthyroidism. All symptoms 
may easily be attributed to the uncon- 
trolled diabetes and the diagnosis of hyper- 
thyroidism overlooked. Any new diabetic 
who continues to lose weight and complains 
of excessive fatigue and nervousness after 
control of the diabetes has been accom- 
plished should be suspected of having 
hyperthyroidism. This is especially true if 
the diabetes proves to be unexpectedly 
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difficult to control. Some of these points are 
illustrated in the following case reports. 


Case 1. A white male, thirty-four years of 
age, was first seen at the clinic in April, 1934. 
He gave a history of diabetes mellitus of seven 
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Partial control of the glycosuria was obtained 
the day after operation with 90 units of insulin. 
The next three days after operation his insulin 
requirement gradually rose so that on the fourth 
postoperative day he was given 150 units. After 
this there was a gradual decrease in the amount 
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Fic. 1. The effect of thyroidectomy on excretion of glucose and requirement of insulin. (Case. 11.) 


years’ duration. Control had been good on 
three doses of regular insulin daily averaging 
20 units each, for most of the seven years. How- 
ever, increasing difficulty had been experienced 
in his diabetic management during the two 
years prior to his admission to the clinic. During 
this period he had noted weakness, increased 
perspiration, nervousness and intermittent watery 
diarrhea. There were many periods of heavy 
glycosuria and many severe insulin reactions. 
He was hospitalized on admission to the clinic 
in an atcempt to control the diabetes. He re- 
quired up to 115 units of regular insulin daily 
in divided doses. Even with this amount of in- 
sulin he excreted large amounts of glucose. (Fig. 
1.) On a diet containing 113 Gm. of carbohy- 
drate he excreted 98 Gm. of glucose in one 
period of twenty-four hours and 63 Gm. in 
another. Reactions were still frequent. A diag- 
nosis of exophthalmic goiter was made on the 
basis of the signs and symptoms. The basal 
metabolic rate was +18 per cent. He was given 
strong iodine solution (Lugol’s solution), 10 
drops three times a day. With partial control of 
the hyperthyroidism by the iodine, his require- 
ment of insulin dropped to 60 units daily. A 
subtotal thyroidectomy was performed and 
28 Gm. of tissue were removed. The pathologic 
diagnosis was parenchymatous hypertrophy. 
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of insulin required to control the diabetes. 
Three weeks after operation the urine was free 
of sugar on 35 units of insulin in three doses 
daily. This was the smallest dose of insulin he 
had ever taken. 

CasE 11. A white woman, forty-eight years 
of age, was first seen at the clinic in 1930. At 
this time a diagnosis of diabetes mellitus was 
made. Glycosuria was controlled on three doses 
of regular insulin a day. The total daily dosage 
was 40 units. During the next two years under 
her physician’s care she was able to discontinue 
the use of insulin. She remained well until two 
months before her second admission to the 
clinic in 1933 at which time she began to ex- 
perience weakness, palpitation, excessive perspi- 
ration, edema of the ankles and some loss of 
weight in spite of an excellent appetite. Shortly 
before her return to the clinic her blood sugar 
was found to be 300 mg. per 100 cc. Insulin was 
again employed and at the time of her admission 
she was taking 45 units daily in three doses. 
Nevertheless, she was still excreting moderate 
amounts of glucose in the urine. A diagnosis of 
exophthalmic goiter was made. The basal me- 
tabolic rate was +26 per cent. Administration 
of strong iodine solution, 10 drops three times a 
day, was started. Partial control of the hyper- 
thyroidism was obtained but the insulin require- 


| | 
| 
| 
| 
| ee 
| 


600 


Diabetes and Endocrine Glands—Balfour, Sprague 


ment increased until the day before operation, 
when 70 units were required. (Fig. 2.) After 
operation there was increased difficulty in 
controlling the diabetes. On the ninth post- 
operative day 155 units of insulin were given 
with only fair control of the glycosuria. The 


1930 


CasE Iv. This case has previously been dis- 
cussed by McDonough, Haines and Kepler.* A 
man, forty-three years of age, came to the 
clinic in 1939 complaining of loss of weight, ease 
of fatigue, weakness and intolerance of heat of 
six months’ to one year’s duration. In addition, 
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Fic. 2. The marked increase in severity of diabetes after surgical trauma is well shown. (Case m1.) 
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Fic. 3. Graphic illustration of the amelioration of the diabetic state by control of 


hyperthyroidism by the administration of strong iodine solution and thyroidectomy. 
(Case tv.) (From McDonoucu, F. E., Haines, S. F. and Kepier, E. J.*) 


diabetes then became milder and by the time of 
her dismissal, twenty-seven days after operation, 
five units of regular insulin before breakfast and 
five units before supper sufficed to keep her urine 


free of sugar. 


for six months before admission polyuria and 
polydypsia had been present. A diagnosis of 
diabetes mellitus had been made and treatment 
with diet had been started. The patient also 
gave a history of thyroidectomy for exophthalmic 
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goiter in 1935 with good relief of symptoms. At 
the time of his admission to the clinic the value 
of the blood sugar was 278 mg. per 100 cc. and 
his basal metabolic rate was +23 per cent. Dif- 
fuse enlargement of the thyroid was noted. Diag- 
noses of recurrent exophthalmic goiter and 
diabetes mellitus were made and the patient 
was hospitalized for treatment. 

On the second day of hospitalization 160 
units of regular insulin were required and only 
partial control of the glycosuria was obtained. 
As is shown in Figure 3, in spite of this large 
amount of insulin 110 Gm. of glucose was 
excreted in the urine. Strong iodine solution 
was administered and the basal metabolic rate 
dropped to +7 per cent and the amount of 
insulin required dropped to 60 units daily. 
Control of the diabetes continued to be good 
after operation and eleven days later only 
10 units of protamine zinc insulin were needed 
for control of the glycosuria. One month after 
dismissal the patient was able to discontinue 
the taking of insulin entirely without the reap- 
pearance of sugar in his urine. 


The patients in Cases 1 and m had had 
diabetes for some time before the onset of 
hyperthyroidism. In each case control of 
the diabetes had been relatively easy. How- 
ever, with the metabolic stress of hyper- 
thyroidism the diabetes became more severe. 
The patient in Case Iv noted onset of the 
diabetes after hyperthyroidism had been 
present for some time. Partial control of 
the diabetes did not ameliorate the symp- 
toms of fatigue and weakness. After opera- 
tion all three patients showed a marked 
reduction in the amount of insulin required. 
In addition, the first two patients illustrate 
the increase in severity of diabetes which is 
usually seen for a short period after thyroid- 
ectomy when this combination of diseases 
is present. 

Diabetes Mellitus and Myxedema. A de- 
crease in thyroid function may produce 
effects on diabetic patients, the opposite of 
those seen with excess thyroid, that is, the 
diabetes may be ameliorated to some 
degree. However, the changes are not 
usually striking. Myxedema in non-diabetic 
persons may produce an increased tolerance 
to glucose administered orally. This effect 
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is due in part to decreased rate of absorp- 
tion from the gastrointestinal tract and, 
also, to decrease in general metabolism. 
Total lack of thyroid hormone would 
theoretically be helpful in controlling severe 
diabetes, and this has been attempted in at 
least one case (Case v1). Some of the effects 
of myxedema on human diabetes are 
illustrated in the following cases. 


CasE v. A man, fifty-nine years of age, came 
to the clinic in July, 1941. His main symptoms 
were related to coronary sclerosis with rather 
frequent attacks of angina pectoris. Diabetes 
mellitus had been discovered two weeks previ- 
ously. On physical examination it was found 
that the patient had a low-lying adenomatous 
goiter and persistent tachycardia. The basal 
metabolic rate was +20 per cent. The value for 
blood sugar was 242 mg. per 100 cc. The dia- 
betes was brought under fair control by diet 
and a mixture of 6 units of protamine zinc 
insulin and 18 units of regular insulin daily 
before breakfast. He was given strong iodine 
solution, 10 drops three times daily, and sent 
home to return in a month for thyroidectomy. 
During this period the diabetes was under good 
control although he still needed 24 units of 
insulin mixture a day. 

Upon his return to the clinic thyroidectomy 
was performed and the pathologic report was 
multiple adenomas in a gland showing paren- 
chymatous hypertrophy. There was rather 
marked intensification of the diabetes the first 
few days after operation, and 140 units of insulin 
were required on the fourth postoperative day. 
The amount of insulin required dropped rapidly 
thereafter. When the patient was dismissed 
three weeks after operation, the basal metabolic 
rate was —21 per cent. There were no clinical 
signs of myxedema. 

At home his insulin requirement continued to 
drop and two months after operation he was 
taking a mixture of only 6 units of protamine 
zinc and 4 units of regular insulin. With this 
dose he was having mild insulin reactions. ‘The 
insulin was soon stopped altogether and he con- 
tinued to be aglycosuric. In addition, rather 
frank signs of myxedema had developed. He 
returned to the clinic a few weeks later com- 
plaining of dry skin, sluggishness, fatigue and 
intolerance to cold. The basal metabolic rate 
was still —21 per cent. The concentration of 
cholesterol in the blood was 450 mg. per 100 cc. 
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The value for blood sugar was 170 mg. per 
100 cc. and there was no sugar in the urine. 
Treatment with 1 gr. (0.065 Gm.) of desiccated 
thyroid was begun but the patient was unable 
to stay in Rochester for observation. When he 
was next seen three years later, the diabetes was 
well controlled by 12 to 18 units of a mixture of 
insulin and the myxedema was controlled by 
desiccated thyroid. The basal metabolic rate 
was +1 per cent. 

CasE vi. This is the report of a patient who 
underwent total thyroidectomy in the hope of 
making his severe diabetes easier to manage. The 
case has been reported in detail by Wilder, 
Foster and Pemberton,*® and is included here 
only because it illustrates so well the effect of 
myxedema on diabetes. The patient, a white 
man twenty-six years of age, was first seen at the 
clinic in 1933. Diabetes mellitus had been 
present for eleven years. In spite of a rigid diet 
and 45 units of regular insulin daily there was 
considerable difficulty in controlling glycosuria, 
and insulin reactions occurred fairly frequently. 
There were no signs or symptoms of thyroid 
dysfunction and two basal metabolic rates were 
+5 and +2 per cent. Fasting blood sugar 
measured 429 mg. per 100 cc. and the concen- 
tration of cholesterol in the blood was 208 mg. 
per 100 cc. On a weighed diet of 2,300 calories, 
containing 103 Gm. of carbohydrate, and a 
dose of 30 units of insulin per day, the patient 
before operation excreted an average of 36 Gm. 
of carbohydrate daily in his urine. 

The patient was aware of the hazards of total 
thyroidectomy and the uncertainty of the re- 
sults that might be obtained. At operation 10 
Gm. of histologically normal thyroid tissue was 
removed. Some tissue was preserved at the hilus 
of each lobe but the amount was not more than 
the size of a split pea. The parathyroid glands 
were not disturbed. The insulin requirement 
rose to 65 units on the fourth postoperative day. 
On this day 20 Gm. of glucose were excreted in 
the urine and the intake was 84 Gm. Thereafter 
the insulin requirement dropped gradually and 
thirty days after operation the urine was prac- 
tically free of sugar on 15 units of insulin while 
the diet was the same as before operation. The 
basal metabolic rate at this time was —29 per 
cent. 

While at home the patient kept an accurate 
account of the amount of sugar in the urine and 
insulin taken. Ten units was the average dose 
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which was necessary to keep his urine free of 
sugar. 

Symptoms of myxedema appeared about 
sixty days after operation and 3 gr. (0.2 Gm.) 
of desiccated thyroid were given daily for a 
period of four days. ‘The symptoms of myxedema 
began to regress but the insulin required on the 
fourth day was 30 units. Administration of 
desiccated thyroid was then stopped and two 
weeks later 10 units of insulin again kept the 
urine free of sugar. Thirty days later symptoms 
of myxedema reappeared. Three and a half 
months after operation the patient returned to 
the clinic and presented typical signs and symp- 
toms of myxedema. The daily insulin require- 
ment varied from eight to twelve units. The 
basal metabolic rate was —35 per cent. Control 
of myxedema, as far as gross evidence was con- 
cerned, was obtained on 1% gr. (0.032 Gm.) of 
desiccated thyroid daily although the basal 
metabolic rate did not rise appreciably. On 
this dose the diabetes was controlled with 14 to 
16 units of insulin. The patient was reasonably 
comfortable but felt that he was not as well 
generally as he had been with only the diabetes 
to concern him. 


Case v illustrates the effect of both hyper- 
function and hypofunction of the thyroid 
on diabetes. Diabetes became manifest after 
hyperthyroidism had been present for some 
time. After thyroidectomy the diabetes be- 
came much less severe and, with the de- 
velopment of myxedema, small doses of 
insulin produced insulin reactions. Insulin 
was again needed when the myxedema was 
controlled although never in amounts equal 
to those required when hyperthyroidism 
was present. 

Case vi is included to illustrate the effect 
of a complete lack of thyroid hormone on 
diabetes. As can be seen, myxedema in this 
patient produced marked amelioration of 
the diabetes and control of the myxedema 


resulted in an increase in the severity of the 
diabetes. 


ADRENAL CORTEX AND HUMAN DIABETES 


Co-existing Diabetes Mellitus and Adrenal 
Cortical Insufficiency (Addtson’s Disease). Ab- 
lation of the adrenal glands from animals 
is followed by a decrease of the concentra- 
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tion of carbohydrate in the blood, liver and 
muscle. Hypoglycemia during fasting is a 
common manifestation of adrenal cortical 
insufficiency in some species, including the 
human being. Conversion of protein to 
carbohydrate is impaired. The rate of 
oxidation of administered glucose may be 
accelerated. Sensitivity to insulin may be 
strikingly increased. The rate of absorption 
of glucose from the intestinal tract is 
decreased. 

The aforementioned effects of adrenalec- 
tomy are strikingly illustrated in the dia- 
betic animal. There is marked amelioration 
of the diabetic state similar to that produced 
by hypophysectomy. Excretion of glucose, 
nitrogen and ketone bodies diminishes. 
Sensitivity to insulin is augmented. The full 
intensity of diabetes can be restored by 
administration of suitable amounts of ad- 
renal cortical hormones which have carbo- 
hydrate activity, such as compound E 
(17-hydroxy-11-dehydrocorticosterone) or 
compound F (17-hydroxycorticosterone). 

The foregoing physiologic principles can 
be applied in varying degrees to patients 
who have co-existing Addison’s disease and 
diabetes mellitus, as illustrated by the 
following case reports. 


CasE vu. The patient was first examined 
at the clinic in October, 1942, when she was 
thirty-seven years of age. A paternal uncle had 
diabetes. At the age of fifteen years she had been 
treated medically for thyrotoxicosis. At the age 
of twenty years she had experienced an attack 
of acute pelvic inflammatory disease. 

In 1934, at the age of twenty-nine years, she 
had been found to have diabetes mellitus. She 
had severe diabetic acidosis at the time the diag- 
nosis was made. For the next several years she 
took from 30 to 40 units of insulin daily, with 
fair to poor control of glycosuria. Pigmentation 
of the hands, face and neck was first noted by 
the patient and members of her family in 1939. 
Early in 1942 she began to note failure of 
strength and appetite. Soon she began to ex- 
perience nausea, occasional vomiting, hiccup 
and abdominal distress. Insulin reactions, which 
had formerly been infrequent, occurred almost 
daily. In June, 1942, it was suspected by her 
physicians that she might have Addison’s disease 
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in addition to diabetes mellitus, and she was 
treated with injections of desoxycorticosterone 
acetate. She continued to have insulin reactions 
and the daily dose of insulin was gradually 
decreased. In September, 1942, the administra- 
tion of insulin was discontinued entirely. The 
urine remained consistently free of sugar. 

In the initial examination at the clinic the 
blood pressure was 64 mm. of mercury systolic 
and 40 mm. diastolic. She was weak and nause- 
ated. Pigmentation characteristic of Addison’s 
disease was present. There were large areas of 
vitiligo on the arms. The urine was free of sugar 
and the value of the blood sugar was 40 mg. per 
100 cc. The concentration of sodium in the 
serum was 128.7 mEq., chlorides 90.9 mEq. and 
potassium 5.1 mEq. per L. 

Emergency treatment with intravenous in- 
fusions of solutions of sodium chloride, glucose 
and adrenal cortical extract resulted in simul- 
taneous clinical improvement and _ reappear- 
ance of glycosuria and hyperglycemia. 

Subsequent investigations gave the following 
results: The urinary excretion of 17-ketosteroids 
was 0.6 mg. in twenty-four hours. Results of a 
water test (Robinson, Power and Kepler) were 
positive in parts 1 and 11. Repeated determina- 
tions of the serum sodium and chlorides under 
varying circumstances gave values as low as 
119 mEq. per L. for sodium and 88 mEq. per 
L. for chloride. ‘The values for serum potassium 
and blood urea were, for the most part, within 
normal limits. The value of blood sugar on 
numerous occasions and under varying condi- 
tions of therapy varied from 40 to 492 mg. per 
100 cc. The daily urinary excretion of glucose 
varied from 0 to 142 Gm. Examination of the 
ocular fundi revealed a mild central punctate 
type of diabetic retinopathy. 

The patient was observed in the hospital on 
five different occasions between October, 1942, 
and October, 1945. When she was treated for 
adrenal insufficiency with desoxycorticosterone 
acetate alone, she exhibited unusual sensitivity 
to insulin. On one occasion she experienced a 
severe hypoglycemic reaction eight hours after 
receiving 4 units of insulin. On another occasion 
she experienced an insulin reaction three hours 
after the administration of 3 untrts of insulin. On 
several other occasions she had hypoglycemic 
reactions without having received insulin, 
particularly if food was withheld for more than 
a few hours. 
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On the other hand, when her adrenal in- 
sufficiency was treated with large doses of whole 
adrenal cortical extract, hog adrenal extract 
(lipoadrenal cortex) or 17-hydroxy-11-dehy- 
drocorticosterone (compound E), glycosuria 
increased and she was able to take as much as 
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the concentration of blood sugar was sustained 
at a high level, glycosuria was marked, ketonu- 
ria was intense and excretion of nitrogen was 
significantly increased. In another study, not 
illustrated in Figure 4, definite effects similar to 
those obtained with compound E were observed 
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Fic. 4. Effects of 17-hydroxy-11-dehydrocorticosterone (compound E) com- 
pared to those of desoxycorticosterone acetate, 11-dehydrocorticosterone 
(compound A) and an extract of hog adrenal glands in Case vu. In each 
instance the hormone being studied was added to a basal treatment with 
desoxycorticosterone acetate. Data for blood sugar and urinary sugar, ace- 
tone and nitrogen during a period of fasting of twenty-four hours after 


withdrawal of insulin are shown. 


44 units of regular insulin daily in 2 doses with- 
out experiencing symptoms of hypoglycemia. 
Observations of the influence of various pro- 
grams of treatment for adrenal insufficiency on 
the behavior of the diabetes were made during 
periods of fasting after withdrawal of insulin 
while the deficiency of salt and water of Addi- 
son’s disease was controlled with desoxycortico- 
sterone acetate. (Fiz. 4.) When insulin was not 
administered and she fasted during treatment 
with desoxycorticosterone acetate, compound 
A or hog adrenal extract in the doses shown, 
the amount of sugar in the blood and urine 
decreased and only slight ketonuria was present. 
By contrast, during treatment with compound E 


when a larger dose of hog adrenal extract was 
employed. 

In December, 1945, the patient became ill at 
home and was thought to have pelvic peritonitis. 
At that time her adrenal insufficiency was ap- 
parently well controlled with hog adrenal 
extract and desoxycorticosterone acetate, as she 
was in diabetic acidosis in spite of taking 20 units 
of regular insulin daily. She died with hyper- 
pyrexia and clinical findings suggestive of pul- 
monary edema. 

At necropsy, the principal findings were pelvic 
peritonitis secondary to bilateral pyosalpinx, and 
atrophy of the adrenal cortices. No cortical cells 
could be seen in sections of the adrenals. The 
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pancreas weighed 25 Gm. and grossly presented 
evidence of fatty infiltration. On microscopic 
examination the islets showed no pathologic 
change. 

CasE vin. A woman, thirty years of age, was 
hospitalized on admission to the clinic, June 29, 


075 mg. DOCA 


had taken 20 to 30 units of protamine zinc 
insulin daily, and had noted a _ progressive 
failure of strength and a gradual increase in the 
frequency and severity of hypoglycemic reac- 
tions. In April, 1946, she had first become aware 
of increased pigmentation of the face and hands. 
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Fic. 5. Comparative effects of desoxycorticosterone acetate, 11-dehydro- 
corticosterone (compound A) and 17-hydroxy-11-dehydrocorticosterone 
(compound E) in Case vi. Data for blood sugar and urinary sugar, acetone 
and nitrogen during a period of fasting after withdrawal of insulin are shown. 
In the latter two studies, involving the use of compound A and compound E, 
it was necessary to terminate the observations after nine hours of fasting 
because of the development of severe ketosis. 


1946. In June, 1945, she had consulted her 
physician because of thirst, polyuria, weakness 
and loss of weight and had been found to have 
diabetes mellitus. Weakness had been an unu- 
sually prominent symptom at that time. The 
urine became free of sugar when she took 30 
units of protamine zinc insulin daily for a week. 
It remained free of sugar without the use of 
insulin until October, 1945, when she had a sore 
throat and glycosuria recurred. Since then she 
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On admission to the hospital the patient pre- 
sented evidences of both adrenal insufficiency 
and uncontrolled diabetes. The blood pressure 
was 90 mm. of mercury systolic and 50 mm. 
diastolic. She was profoundly weak and nause- 
ated and hiccupped at frequent intervals. ‘There 
was frank addisonian pigmentation of moderate 
degree. The urine contained sugar, grade 4, but 
no acetone or diactic acid. The value for blood 
sugar was 289 mg. per 100 cc. The serum sodium 
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was 126 mEq., chlorides 97.3 mEq., potassium 
6.8 mEq., carbon dioxide content 24.2 mEq. per 
LL. and the blood urea 40 mg. per 100 cc. 

Subsequently additional data confirming the 
presence of Addison’s disease were obtained. 
The urinary excretion of 17-ketosteroids varied 
between 0.5 and 1.5 mg. per twenty-four hours 
on several occasions. A differential count of 
leukocytes showed 47 per cent lymphocytes with 
a total count of 6,200 per cubic millimeter. 
Results of a water test (Robinson, Power and 
Kepler) were strongly positive in parts I and 1. 
A salt-deprivation test (Cutler, Power and 
Wilder) had to be terminated twelve hours after 
it was started because of symptoms of acute 
adrenal insufhciency, which were promptly 
corrected by an intravenous infusion of solution 
of sodium chloride and adrenal cortical ex- 
tract. A tuberculin test gave negative results. 

Studies of the influence of various programs of 
treatment for Addison’s disease on the behavior 
of the diabetes during periods of fasting after 
withdrawal of insulin, similar to the studies 
which had been carried out previously in Case 
Vil, were made. During treatment with desoxy- 
corticosterone acetate the concentration of blood 
sugar decreased during. fasting, and glycosuria 
and ketonuria were of only moderate intensity. 
(Fig. 5.) By contrast, when Addison’s disease 
was treated with 11-dehydrocorticosterone (com- 
pound A) or 17-hydroxy-11-dehydrocorticos- 
terone (compound E), the diabetes was greatly 
intensified. In each instance severe ketosis 
developed within the first nine hours of fasting 
after withdrawal of insulin, so that it was neces- 
sary to terminate the observation and administer 
insulin and infusions of solutions of sodium 
chloride. The effects of 4 mg. of compound E 
every six hours appeared to be somewhat more 
marked than those of 25 mg. of compound A 
every six hours. 

After the metabolic studies which have been 
described the patient was permitted to return 
home. She was in good condition taking 2 doses 
of regular insulin daily totaling 28 units, 1 mg. 
of desoxycorticosterone acetate, 1 cc. of hog 
adrenal cortical extract and 3 Gm. of sodium 
chloride in addition to that contained in her 
food. She died at home on February 14, 1947, 
several days after a severe hypoglycemic 
reaction. | 


The history in each of the foregoing cases 
indicated some amelioration of diabetes 
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with the onset of adrenal cortical insufh- 
ciency. In Case vu the amelioration was 
marked, so that insulin was no longer 
necessary for control of glycosuria and, 
indeed, hypoglycemic reactions occurred 
even though insulin had not been adminis- 
tered. In Case vim, on the other hand, the 
amelioration of the diabetes was less 
marked, suggesting that’ the patient might 
have had a functioning remnant of adrenal 
cortical tissue which was producing a suffi- 
cient supply of carbohydrate-active steroid 
hormones to maintain a moderately severe 
diabetic state. 

The metabolic studies in each case indi- 
cate that the diabetic state could be greatly 
intensified by the administration of carbo- 
hydrate-active adrenal steroids but not 
by the administration of desoxycorticos- 
terone acetate alone. 

Diabetes Mellitus Associated uith Hyper- 
functioning Lestons of the Adrenal Cortex. 
Diabetes mellitus which is sometimes ob- 
served in the case of patients who have 
hyperfunctioning lesions of the adrenal 
cortices is in all likelihood due to excessive 
production of adrenal cortical hormones 
which have predominant carbohydrate ac- 
tivity, that is, the 11 and 11-17 oxygenated 
steroids. —The most potent of these are 
17-hydroxy-11-dehydrocorticosterone (com- 
pound E) and 17-hydroxycorticosterone 
(compound F), the latter having slightly 
stronger effects than the former. 

Ingle and his associates® * have produced 
the counterpart of human “steroid diabetes”’ 
in rats by the administration of relatively 
large doses of compound E or compound F. 
The diabetic state which is so produced has 
certain characteristics which differ from 
those of the diabetes which is commonly 
observed in children and young adults. (1) 
It is relatively insensitive to insulin, Ingle 
and associates having failed to control 
glycosuria completely in some of their rats 
with as much as 1,000 units of insulin daily. 
(2) It becomes mild when food is withheld 
so that glycosuria disappears. (3) Since one 
of the effects of the adrenal hormones which 
cause this type of diabetes is to stimulate the 
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formation of sugar from protein, it is asso- 
ciated with a negative nitrogen balance, 
even when glycosuria is minimal or absent. 

The following two cases seem to be exam- 
ples of ‘steroid diabetes” in human beings. 


CasE 1x. This case has previously been 
reported in detail by Sprague, Priestley and 
Dockerty.* A woman, forty-nine years of age, 
came to the clinic for examination in February, 
1941. A diagnosis of diabetes mellitus had been 
made three years previously and the condition 
had been treated with insulin in doses up to 
145 units daily. Hypoglycemic reactions had 
never occurred. 

Physical examination was negative except for 
a large, deep, movable mass in the right upper 
quadrant of the abdomen. The blood pressure 
was 160 mm. of mercury systolic and 94 mm. 
diastolic. The habitus was normal, the amount 
and distribution of hair on the body were 
normal, and except for atrophic changes in the 
vulva and vagina, there were no abnormalities 
of the external genitalia or pelvic organs. The 
menstrual history was normal and she was still 
menstruating regularly. Laboratory examina- 
tions were negative except for glycosuria and a 
fasting blood sugar which measured 252 mg. 
per 100 cc. 

During several days of study before surgical 
exploration of the abdominal mass the patient 
received each morning a combined dose of 
protamine zinc and regular insulin totaling 
between 30 and 68 units. As much as 28.7 Gm. 
of glucose were excreted in the urine in twenty- 
four hours. Ketone bodies were never found 
in the urine. There were no hypoglycemic 
reactions. 

Surgical exploration of the abdomen was 
performed on March 12, 1941. A tumor of the 
right adrenal cortex weighing 1,550 Gm. was 
removed. Histologic examination revealed that 
the lesion was an adenocarcinoma, grade 2. 

After the day of operation the urine remained 
consistently free of sugar. On the fifth post- 
operative day the value of blood sugar was 
88 mg. per 100 cc. The dose of insulin was 
gradually reduced and it was discontinued on 
the sixteenth postoperative day. 

All subsequent investigations of the patient’s 
carbohydrate metabolism gave normal results. 
There was never any further evidence of dia- 
betes. A glucose tolerance test performed eight 
months after removal of the tumor gave a 
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normal result. Determinations of the fasting 
blood sugar at intervals up to eight years after 
the operation were all normal. 

Case x. A boy, fifteen years of age, came 
to the clinic on February 3, 1948, because of 
diabetes mellitus associated with weakness and 
loss of weight. Diabetes had been discovered in 
January, 1946. At that time it was also noted 
that his face was redder and rounder than 
formerly and pink striae had been observed on 
the thighs. Insulin was employed from that time 
until June, 1946. 

From June, 1946, to December, 1947, there 
was a complete remission of the diabetes. ‘The 
abnormal redness and contour of the face also 
disappeared. In December, 1947, symptoms of 
diabetes, associated with redness and roundness 
of the face and marked weakness, reappeared. 
Glycosuria was again found, and insulin in 
doses up to 80 units daily was once more em- 
ployed. Even with this dose of insulin, glycosuria 
persisted and there were no insulin reactions. 

Physical examination on admission of the 
patient to the clinic revealed most of the classical 
features of Cushing’s syndrome, including hyper- 
tension, weakness, a full, round face of high 
color, acne, dry skin, keratosis pilaris, purplish 
striae, protuberant abdomen and a wasting 
of the arms and legs. Laboratory and roent- 
genologic studies disclosed hypochloremic, hypo- 
kaliemic alkalosis of marked degree, osteoporosis, 
lymphopenia, glycosuria and hyperglycemia. 
The fasting blood sugar was 245 mg. per 100 cc. 
The urinary excretion of 17-ketosteroids was 
77.5 mg. in twenty-four hours, the beta fraction 
being 18.5 per cent. The urinary excretion of 
corticosteroids was 17.1 mg. in twenty-four 
hours. The latter finding eventually led to the 
isolation of 17-hydroxycorticosterone (com- 
pound F) from the urine, 191 mg. of purified 
hormone being obtained from a twenty-five-day 
collection of urine.’° 

The clinical diagnosis was Cushing’s syndrome 
associated with diabetes mellitus. 

Metabolic studies!! disclosed the following 
significant points: (1) The diabetes was severe 
and relatively insensitive to insulin, glycosuria 
being incompletely controlled with doses of 
insulin ranging from 20 to 130 units daily. (2) 
Balances for nitrogen, calcium and phosphorus 
were negative. (3) Glycosuria virtually disap- 
peared during fasting even though insulin was 
withheld. 
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The death of the patient after surgical resec- 
tion of the right adrenal gland, which was 
hyperplastic, precluded further metabolic study. 
At necropsy, markedly hyperplastic adrenal 
cortices were found, the remaining portion of 
the right adrenal gland weighing 5 Gm. and the 
left adrenal, 29 Gm. 


The foregoing two cases are presumably 
instances of ‘“‘steroid diabetes’? in man, 
analogous to that produced by Ingle and 
co-workers in rats by the administration of 
large doses of carbohydrate-active adrenal 
steroids. ‘The evidence in support of this 
analogy was particularly strong in Case x, 
for 17-hydroxycorticosterone (compound 
F), an adrenal steroid hormone known to 
have strong carbohydrate activity, was 1so- 
lated from the urine in considerable quan- 
tities.!° Furthermore, the diabetes in this 
case was shown to have the characteristics 
of ‘‘steroid diabetes” in animals; namely, 
insensitivity to insulin, negative nitrogen 
balance even when glycosuria was minimal 
and mildness during fasting. 

In Case 1x the evidence that the diabetes 
was due to excessive production by the 
adrenal cortical tumor of hormones which 
have carbohydrate activity, rather than to 
primary insulin deficiency, was also strong. 
All evidences of diabetes disappeared soon 
after removal of the tumor, just as it does in 
rats with steroid diabetes when the ad- 
ministration of the diabetogenic adrenal 
steroid is interrupted. It can therefore be 
reasonably presumed in this case that the 
diabetes was due solely to overproduction of 
carbohydrate-active adrenal steroids, and 
that islet function was basically within 
normal limits. 


SUMMARY 


As is true in the experimental animal, 
the behavior of diabetes mellitus in the 
human may be markedly altered by either 
hypofunctioning or hyperfunctioning lesions 
of the anterior pituitary, thyroid or adrenal 
cortex. In general, hypofunctioning lesions 
of these glands of internal secretion amelio- 
rate existing diabetes while hyperfunction- 
ing lesions intensify it. Hyperfunction of the 
anterior pituitary due to eosinophilic ade- 
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noma, or of the adrenal cortex due to tumor 
or hyperplasia may apparently be the sole 
cause of diabetes in rare cases. 

Ten cases in which diabetes mellitus was 
associated with hypofunctioning and hyper- 
functioning lesions of the aforementioned 
glands have been presented. The _ basic 
physiology concerned in the alteration of 
the diabetic state by such lesions has been 
considered briefly. It is emphasized that the 
observations which were made in these 
cases are not applicable to the majority of 
cases of diabetes, in which evidences of 
endocrine disease other than the diabetes 
itself are usually absent. 
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Pregnancy Complicating Diabetes’ 


PRISCILLA WHITE, M.D. 


Boston, Massachusetts 


URING the past fifteen years a study 
1) has been made at the George F. 
Baker Clinic of the New England 
Deaconess Hospital to determine possible 
causes and the means to prevent the high 
fetal wastage in diabetic pregnancies. The 
following report is a summary of the experi- 
ences with 439 viable diabetic pregnancy 
cases in which assays for one or more of the 
sex hormones of pregnancy were deter- 
mined. Viability in the infant was defined 
by weight, namely, in excess of 960 Gm. 
This series of 439 includes all consecutive 
cases under personal observation. Excluded 
from the report are consultation cases 
treated elsewhere and patients reporting 
to the clinic for delivery but arriving too 
late for significant studies for sex hormone 
excretion. 

The series appears to be unique because 
it is characterized by the number of primi- 
parae, the number of patients in whom the 
onset of diabetes occurred in childhood and 
youth and those in whom the duration of 
diabetes is long. Primiparae numbered 
57 per cent of the series. The onset of 
diabetes had occurred under the age of 
twenty years in more than half (58 per cent) 
and the duration was long, exceeding ten 
years in 50 per cent. | 

Although maternal mortality was low, 
for there was only one death or a case 
mortality of 0.2 per cent, fetal fatalities 
numbered 78, or 18 per cent. The maternal 
death was technically so classified only. It 
occurred fifty days after delivery and was 
proved by autopsy to be due to infectious 
hepatitis. ‘These vital statistics as well as 
those reported elsewhere indicate that fetal 
not maternal survival constitutes the prob- 
lem when pregnancy complicates diabetes. 


Abnormalities in the obstetric course 
were common and included eclampsia four 
times (1 per cent); an additional seventy- 
six patients (17 per cent) had hypertension 
and albuminuria; eighty (18 per cent) had 
hypertension alone and thirty-four (8 per 
cent) albuminuria alone. Nearly one-half 
the number thus had evidence of hyper- 
tensive disorders or renal disease. Placenta 
previa occurred once; premature rupture 
of membranes before the twentieth week 
with continuous loss of amniotic fluid for 
weeks and months occurred four times. ‘Two 
other deviations from normal obstetric 
courses were frequently seen, namely, irrita- 
bility of the uterus and hydramnios. These 
complications occurred in varying degrees 
in nearly all patients. 

Diabetic crises, on the other hand, were 
infrequent. Coma, defined as a lowering of 
the CO, content of the blood to 9 m.Eq., 
occurred in eight patients only, or 2 per 
cent, and hypoglycemia of severity in four, 
or 1 per cent. 

The fetal fatalities are summarized in 
Table 1. Of the seventy-eight fetal deaths, 
thirty-four were stillbirths and forty-four 
occurred in the early neonatal period. From 
Table 1 it appears that fetal fatalities have 
been influenced in varying degrees by (1) 
poor control of maternal diabetes, (2) the 
occurrence of congenital fetal defects, (3) 
the degree of maternal vascular disease, (4) 
prematurity, (5) duration of diabetes, (6) its 
age of inception and (7) the imbalance of 
the sex hormones of pregnancy. 

Diabetic coma which may be taken as 
the measure of the maximum degree of 
poor control of diabetes coincided with 5 per 
cent of the fetal fatalities. Indeed, only two 
infants in this series survived a bout of dia- 


* From the George F. Baker Clinic, New England Deaconess Hospital, Boston, Mass. 
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610 
betic coma. ‘The harmful influence appeared 
to be more in relation to the occurrence of 
stillbirths than it did to neonatal deaths, 
for it coincided with intrauterine fetal death 


in 10 per cent of such cases. In only 2 per 
cent of the neonatal deaths was a bout of 
TABLE I 


RELATIVE FREQUENCY OF CONDITIONS ASSOCIATED WITH 
SEVENTY-EIGHT FETAL DEATHS 


Per 

A. Total: cent 
Congenital anomalies...................... 9 

Arteriosclerosis 

Hypertension and/or albuminuria........... 46 


Long duration of diabetes (more than 10 years) 52 
Early age at onset of diabetes (under 10 years) 66 
Imbalance of sex hormones................. 97 


B. Comparison of Relative Frequency of Conditions 
Associated with Fetal Deaths Classified As Stillbirths 
and Neonatal Deaths: 


Neo- 
st | 
Per cent 
Per cent 
Congenital anomalies............ 3 15 
Arteriosclerosis 
Hypertension and/or albuminuria. . 71 52 
Long duration of diabetes......... 73 37 
Early age at onset of diabetes...... 74 60 
Sex hormonal imbalance......... 100 97 


coma coincidental with the fatality. The 
reverse situation, hypoglycemia of severity, 
did not coincide with fetal fatalities. Con- 
vulsive episodes, one in an epileptic and 
the other during the administration of 
lithium salt substitute, coincided with an 
intrauterine death each. 

The most tragic of the harmful influences 
—tragic because it is unpredictable—is the 
occurrence of the congenital fetal defect. 
This coincided with 8 per cent of the fetal 
fatalities. Only one defect, or 3 per cent, 
was demonstrated in a stillborn infant. The 
lethal defect in this infant was the absence 
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of both kidneys. Congenital anomalies 
coincided with 15 per cent of the neonatal 
deaths and included one instance each 
of hemorrhagic disease of the newborn, 
multiple skeletal defects and defect of the 
skull incompatible with survival, congenital 
heart, congenital pneumomediastinum and 
anencephaly. 

The most devastating of the harmful 
effects because of its influence in early as 
well as in late pregnancy periods was the 
degree of maternal vascular disease. Some 
evidence of arteriosclerosis was found with 
33 per cent of the fetal fatalities, 33 per 
cent of the stillbirths and 42 per cent of the 
neonatal deaths. When arteriosclerosis in 
the young diabetic had progressed so far 
that the pelvic blood vessels were calcified, 
the fetal survival for the entire period of 
pregnancy was 10 per cent only. In such a 
group, when everything which appears to 
promote successful outcome of diabetic 
pregnancies was carried out, the fetal 
survival in twenty-eight viable cases rose 
to 50 per cent. When the arteries of the 
pelvis are shown to be calcified by x-ray, 
involvement of the uterine and ovarian 
arteries is inferred. These are the first 
arteries in the body of the normal woman 
to undergo sclerotic changes and it would 
be unlikely that in the diffuse sclerosing 
process of the diabetic they would be ex- 
pected. Although the calcification demon- 
strable by x-ray suggests the medial type of 
sclerosis, internal changes and occlusive 
vascular disease characteristic of diabetes 
are also inferred. No uteri in this series of 
patients have been observed at the time of 
delivery. Hysterectomies have not been per- 
formed and the one patient who came to 
autopsy fifty days after delivery did not 
have calcified pelvic arteries. The most 
striking case in this group is that of E. R., 
Case 1469, who died at the age of forty in 
December, 1948. Her death due to arterio- 
sclerotic cardiorenal disease occurred after 
thirty years of diabetes. Pregnancies had 
occurred ten years, eight years and six years 
prior to death. ‘The first pregnancy termi- 
nated successfully in a living birth and the 
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child is well today. On autopsy the endo- 
metrium, myometrium and the arteries were 
described as those of a woman of seventy 
years of age. 

The importance of the vascular problem 
in obstetric diabetes cannot be overempha- 
sized. A survey of our former diabetic 
children, defined as patients in whom the 
onset of diabetes occurred under the age 
of fifteen, who then survived twenty years 
or more of diabetes, showed that 93 per 
cent had some evidence of vascular disease. 
Such lesions do not become manifest often 
under the age of twenty years and are rare 
when diabetes is of less than ten years’ 
duration. The specificity of the site of the 
attack in those in whom the disease starts 
in childhood is of great importance in the 
obstetric problem because destructive effects 
are seen in the retina and in the kidneys 
most commonly. (Table m1.) 

Hypertension and albuminuria, or hyper- 
tension alone or albuminuria alone, coin- 
cided with 46 per cent of the fetal fatalities 
and prematurity coincided with 46 per cent. 
In only 29 per cent of the stillbirths was 
evidence of hypertension or albuminuria 
lacking and 71 per cent of the cases had 
such abnormalities. To a lesser degree, but 
also in half the cases, hypertension, albu- 
minuria or both were associated with 
neonatal deaths. Of greatest importance 
from the viewpoint of the obstetric and 
medical management of the patient was 
the fact that 68 per cent of the stillbirths 
occurred late in pregnancy, from the thirty- 
sixth to the fortieth week, whereas only 
34 per cent of the neonatal deaths occurred 
after the thirty-fifth week. Long duration 
of diabetes and early onset of the disease 
were associated with more than half of the 
fetal fatalities, namely, 53 and 66 per cent, 
respectively, the harmful influence being 
shown more in relation to stillbirths than 
to neonatal deaths. 

The most frequent of the harmful influ- 
ences, however, was the imbalance of the 
sex hormones of pregnancy, coinciding with 
97 per cent of the fetal fatalities and occur- 
ring in 90 per cent of our entire series of 
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patients. ‘he abnormalities included a rise 
of chorionic gonadotropin between the 
twenty-third and thirty-fifth week of preg- 
nancy to a level of 200 rat units per 100 cc. 
of serum or above, a lowering of the excre- 
tion of estrogen with abnormal ratios of 


TABLE II 
DURATION OF DIABETES AND VASCULAR COMPLICATIONS 
Retinal 
Arterio- | Retinitis Nephritis 
, ay sclerosis | Per cent CTIES | Per cent 
(Years) Per cent 

Under 10...... 3 3 3 2 
10 10 8 6 
cs 50 45 40 30 
20 and over.... 85 75 70 40 


Age in Years and Vascular Complications 


Age in Years 
Under 20.... 8 2 
60 50 50 30 


the degradation products and lowered ex- 
cretion of pregnanediol glucuronidates. 

From the foregoing it is evident that our 
problem must concern the investigation of 
the causes and the means to prevent prema- 
ture delivery of the infant of the diabetic 
mother prior to the period of its viability 
(which appears to be later than that of the 
normal woman) and, secondly, the termina- 
tion of the pregnancy at the point of via- 
bility and before the dreaded late intra- 
uterine accident can occur. 

In addition to the chemical grading of 
patients, which has been previously reported 
upon, in 1948 clinical grading of the ob- 
stetric diabetic patient was made. This 
evaluation was based upon the pre-preg- 
nancy state and the designation was alpha- 
betical, A through F. Classes A through E 
referred to fetal risk and F to maternal risk. 
From the previous discussion it is evident 
that age at onset of diabetes, duration, 
severity and degree of maternal vascular 
disease all influence the fetal survival un- 
favorably. Renal disease carries with it 
maternal hazards in the diabetic population 
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as well as the obstetric population at large. 
Therefore, the grading of the patients was 
as follows: 

Class A, with highest chance for fetal 
survival, includes patients in whom the 
diagnosis of diabetes was made upon a 


TABLE III 
SUMMARY OF 433* CASES DIVIDED ACCORDING TO SEX 
HORMONAL BALANCE 


Delivery} Fetal 
Sex Hor- Eclamp-| — Prior to | Sur- 
No. of and : 
monal nai sia Albu- 34th vival 
Balance Per cent ; ‘ Week Per 
Per cent} cent 
Per cent 
Abnormal 89 3 26 17 58 
Corrected | 297 0.3 16 9 89 
Normal... . 47 0 6 0 95 


* Cases of placenta previa—1; premature rupture of 
membranes—4; erythroblastosis—1 excluded. 


glucose tolerance test which deviates but 
slightly from the normal. Such patients 
require no insulin and little dietary regula- 
tion. They numbered only 5 per cent of 
our 439 cases. 

Class B (29 per cent of this series) in- 
cluded patients whose diabetes started in 
adult life at the age of twenty or above, and 
those in whom the duration of the disease 
was less than ten years and those who were 
free from vascular disease. 

Class c (44 per cent of this series) included 
patients whose diabetes was of long dura- 
tion, between ten and nineteen years, those 
in whom the onset of diabetes occurred 
between ten and nineteen years of age or 
those who had minimal vascular disease, 
such as retinal arteriosclerosis or calcifica- 
tion of the vessels of the legs alone. 

Class p (14 per cent of the group) in- 
cluded patients whose diabetes was of 
twenty or more years’ duration, or whose 
onset occurred under ten years or who had 
more evidence of vascular disease such as 
retinitis, transitory albuminuria or transi- 
tory hypertension. 

Class E included patients in whom calci- 
fication of the pelvic arteries was demon- 
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strable by x-ray. They numbered 7 per cent 
of our series. 

Class F (1 per cent) included all patients 
with nephritis. 

In addition to the clinical classification 
the cases were divided as previously into 
three classes upon a chemical basis as 
follows: first, forty-seven cases in which no 
examination for chorionic gonadotropin 
exceeded 200 RU /100 cc. of serum between 
the twenty-third and the thirty-fourth week 
and /or in whom the pregnandiol excretion 
did not fall below the level of minimal nor- 
mal excretion, according to the curve of 
Venning and Browne; second, eighty-nine 
cases which did show chemical evidence of 
abnormal balance of the sex hormones of 
pregnancy; third, 297 cases which received 
sex hormone treatment. The fetal survival 
of the two first groups, shown in Table in, 
was as follows: 58 per cent when the hor- 
monal balance was abnormal and uncor- 
rected and 95 per cent when the hormonal 
balance was spontaneously normal. With 
added duration of diabetes and the inci- 
dence of diabetic arteriolarnephrosclerosis, 
the evaluation of pre-eclampsia in the group 
has become difficult. Hypertension and 
albuminuria occurred in 26 per cent of the 
patients in whom the hormonal balance was 
abnormal and in 6 per cent of those in whom 
it was spontaneously normal, and spontane- 
ous delivery before the thirty-fourth week 
occurred in 17 per cent of the patients in 
whom the hormonal balance was abnormal 
and in none of those in whom the hormonal 
balance was completely normal. 

In order to prevent the high fetal wastage 
in obstetric diabetes, premature delivery 
and pre-eclampsia, the management sug- 
gested by the experience with the 439 cases 
includes, first, good treatment of diabetes; 
second, substitutional hormonal therapy; 
third, the correction of edema and hydram- 
nios; fourth, premature delivery and, fifth, 
special care of the infant whose viability was 
obviously not that of the infant of the nor- 
mal woman of comparable period of gesta- 
tion and size. 
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The dietary prescription included calories 
adequate to meet the metabolic needs of 
mother and child, namely, 30 calories per 
Kg. of body weight throughout pregnancy. 
The protein intake was high, namely, 2 Gm. 
per Kg. of increasing body weight, and the 
carbohydrate liberal, from 180 to 250 Gm. 
daily. The fat was prescribed merely to 
complete the caloric prescription. 

The plan for insulin therapy has been 
based upon the prevention of accidents 
resulting from the extreme glycosuria due 
to the low renal threshold. With nearly 
normal levels for blood sugar these women 
may excrete 100 to 150 Gm. of sugar in 
twenty-four hours. When utilization of 
glucose falls below 100 Gm., ketosis sets in 
easily. Attempts to correct glycosuria with 
single massive doses of insulin favor the 
development of severe hypoglycemic shock. 
In the past a basic dose of long-acting 
insulin has been administered before break- 
fast and supplemented by three or four 
additional doses of rapidly acting insulin 
before breakfast, before lunch, before sup- 
per and even at bedtime. Twenty-four 
patients were adjusted to modified pro- 
tamine, NPH-50, insulin and of this num- 
ber 60 per cent were successfully treated 
with a single dose in twenty-four hours. 

The plan for hormonal therapy at present 
is influenced by our clinical as well as 
chemical classification. A wide variety of 
forms of estrogenic and _ progestational 
therapy have been employed. Natural and 
synthetic estrogens included stilboestrol, 
progynon B, benzestrol and premarin. In a 
few patients oreton was used in place of 
progesterone. Administration has included 
oral route, parenteral injection and im- 
plantation of pellets. The duration of 
therapy has varied from three to thirty-two 
weeks. Adequate therapy is now defined as 
continuous and daily, certainly not less often 
than every second day. 

From our experience the present plan for 
sex hormone therapy has been developed 
as shown in Table tv: Class A none, Classes B 
and c from 5 to 50 mg. of stilbestrol and 
proluton daily, Class p from 10 to 75, 
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Classes E and F from 25 to 125 mg. of each 
intramuscularly daily. 

Therapy is started by choice as early as 
the sixth week and continued until the day 
before delivery. The husbands are taught 
the administration of the intramuscular 

TABLE IV 
SEX HORMONAL THERAPY IN MG. OF STILBESTROL AND 


PROLUTON ACCORDING TO WEEKLY PREGNANCY 
AND CLINICAL CLASSIFICATION 


Stilbestrol and Proluton in mg. 
Week of According to Class 
Pregnancy 

A B and C D E and F 
0 5 10 25 
0 10 15 50 
ae 0 15 25 75 
0 25 50 100 
32 and up..... 0 50 75 125 


injections, for daily intramuscular injections 
of stilbestrol and’! progesterone are con- 
sidered the most efficacious form of treat- 
ment. Deviations from normal hormonal 
excretion levels have been used as the guide 
for regulation of doses of therapy. ‘Thus if 
the level for chorionic gonadotropin re- 
mained high and/or the excretion of 
pregnandiol low, the patient has been ad- 
vised to advance her schedule to that of the 
next four-week period. Deviations from 
normal clinical course, such as abnormal 
gain in weight, edema, hydramnios, hyper- 
tension and /or albuminuria, have all been 
used as indications, too, for advancing 
therapy. 

The effect of sex hormonal therapy upon 
fetal survival was most favorable. ‘The sur- 
vival rate rose from 58 to 89 per cent. To- 
day it has become difficult to evaluate the 
hypertension and albuminuria seen in the 
long-duration young diabetic. Since 1940 
every juvenile patient surviving fifteen 
years of diabetes and coming to autopsy at 
the Deaconess Hospital has shown inter- 
capillary glomerulosclerosis. Pregnancy may 
merely reveal the latent form of vascular 
rephritis. However, it is our clinical im- 
pression that the typical pre-eclampsia 
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which was seen in the shorter duration cases 
prior to 1936 is seen today but rarely. The 
incidence of hypertension and albuminuria 
fell from 26 to 16 per cent and premature 
delivery before the thirty-fourth week from 
17 to 9 per cent in the 297 patients treated 
continuously with substitutional hormonal 
therapy prior to the twentieth week. 

Although no side reactions were observed, 
fifty consecutive patients treated with a 
special form of stilbestrol developed hyper- 
plastic endometritis, requiring dilatation 
and curettage on one or more occasions and 
in some instances repeated blood transfusions. 

In our experience the use of oral stil- 
bestrol alone was unsatisfactory. Lack of 
absorption was feared. Each pregnancy 
in a diabetic after ten years’ duration is a 
premium; therefore, those started with it 
were transferred usually to parenteral ad- 
ministration because of the frequent occur- 
rence of abnormalities in the clinical and 
chemical course. When oral stilbestrol was 
administered, the dose range was from 25 
to 350 mg. daily. 

Supplementing hormone therapy and 
directed against the disturbance of water 
balance, manifested by edema and hydram- 
nios, was the prescription of ammonium 
chloride in doses from 4 to 20 Gm. daily. 
(The latter was self-prescribed.) 

Patients whose diets were relatively low 
in sodium, especially in sodium chloride, 
were advised through the omission of table 
salt, the use of fresh butter, salt-free breads 
and fresh vegetables. Sodium bicarbonate 
was forbidden. 

The plan for delivery of the diabetic was 
influenced by our experience with stillbirths 
and our concept of diabetes and of the 
diabetic pregnancy. Rapid sex maturity is 
characteristic of diabetes in childhood. 
Rapid aging is characteristic of the disease 
in any period of life. This process of rapid 
maturity and rapid aging appears to be 
characteristic of the diabetic pregnancy. 
The large size of the fetus and the placenta, 
the fetal fat, growth of hair and nail de- 
velopment are all suggestive of the maturing 
process. The intrauterine death or the 
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premature termination of the pregnancy 
appears to be another manifestation of 
aging. Ihe former may even be considered 
as comparable to gangrene in the young 
diabetic similar to the vascular changes in 
the eye and kidney. Since 68 per cent of the 
stillbirths occurred after the thirty-fifth 
week, premature delivery was elected. By 
the method of trial and error the thirty- 
eighth week was sought, but hypertension, 
albuminuria or progressive hydramnios are 
indications for an earlier delivery. Deviation 
from normal hormonal balance have not 
been used as guides for the timing of 
delivery. 

Cesarean section has been elected if the 
cervix has not been effaced. In fact, such 
deliveries have been done in 68 per cent, 
and 32 per cent only of these patients were 
delivered by the normal route. Cesarean 
sections have been done under spinal 
anesthesia without preliminary medication. 
An infusion of 1,000 cc. of 10 per cent 
glucose in distilled water is administered 
preoperatively and again six to eight hours 
after delivery. If long-acting insulins are 
used, the last dose of insulin of any type in 
a planned delivery is given twenty-four 
hours prior to it. Normal deliveries are 
conducted under spinal anesthesia. Seda- 
tion is held to minimal levels of 3 gr. of 
seconal and 499 gr. of scopolamine. 

The care of the infant prenatally includes, 
when possible, the correction of those 
abnormalities in which the infant of the 
diabetic mother differs from the infant of 
the normal woman. The differences in- 
cluded the large size, icterus, respiratory 
embarrassment, instability of the blood 
sugar, splanchnomegaly and excessive ery- 
thropoesis of the liver and spleen. 

In the past, 80 per cent of the infants of 
diabetic mothers exceeded the expected 
weight for the period of gestation. Irre- 
spective of gestation period 68 per cent of 
the infants in this series weighed less than 
8 pounds, 32 per cent more than 8 pounds, 
15 per cent more than 9, and 7 per cent only 
more than 10 pounds. The large size of the 
infant appears to be contributed to by three 
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factors: (1) edema, (2) obesity and (3) the 
splenomegaly. 

Instability of the blood sugar rather than 
true hypoglycemia appears to be charac- 
teristic of the infant who may show relative 
hyperglycemia at birth followed by pre- 
cipitous fall of blood sugar in four hours to 
a level of 40 mg. or below and subsequently 
a spontaneous rise of blood sugar in another 
four hours. Congenital anomalies compli- 
cated 80 per cent of these infants but in only 
10 per cent were they severe and in less than 
2 per cent of the cases lethal defects occur- 
red. Respiratory difficulty of the infant 
appears to be associated with an excess of 
fluid in the upper air passages and lungs. 
Better control of maternal diabetes to pre- 
vent obesity and instability of the infant’s 
blood sugar, better control of the disturbed 
water balance by high protein diets, salt 
restriction, ammonium chloride and sex 
hormonal therapy, better control of hor- 
monal imbalance to prevent the irritable 
uterus, premature delivery and pre-eclamp- 
sia have all been sought. 

The postnatal handling of the infant has 
been reported in detail by Gellis, White and 
Pfeffer.’ It is directed against the respiratory 
difficulty. The clinical picture of the first 
few hours after delivery of those infants not 
progressing satisfactorily is the following: 
At birth the infant usually cries well and 
vigorously. It appears to aerate satisfactorily 
but within one or two hours exhibits a 
complaining cry. Evidence of costophrenic 
and intercostal retraction are observed. 
Bouts of cyanosis, apnea and sweating fol- 
low, and death may ensue eighteen to 
thirty-six hours after delivery. Autopsies 
have shown little evidence for adequate 
cause of death except for the atelectasis of 
the lungs. The postnatal handling of these 
infants now includes (1) postural draining; 
(2) aspiration of the upper air passages with 
suction and a No. 10 catheter; (3) aspira- 
tion of the stomach with suction and a 
No. 10 catheter and (4) the placing of the 
infant in an oxygen incubator where it will 
remain for a period of five days. Dehydra- 
tion is accomplished by the postponement 
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of parenteral or oral fluid for a period of 
forty-eight hours. A striking reduction in 
morbidity has followed these procedures. 

The postpartum course of the mothers has 
usually been uncomplicated. Hypoglycemia 
has occurred infrequently only. Lactation 
has seldom been adequate. There have 
been four instances of thrombophlebitis, one 
of pelvic peritonitis and one of postpartum 
hemorrhage. The diabetic susceptibility to 
pyelonephritis has been evident in this 
sroup, but otherwise the postoperative, 
postdelivery course has been relatively 
uncomplicated. 

A follow-up of the mothers shows that 
two (0.5 per cent) subsequently developed 
carcinoma. Case 13335 developed carcinoma 
of the breast and Case 27580 carcinoma of 
the esophagus. Neither of these patients had 
received hormonal therapy. Four of the 
patients subsequently died, three of cardio- 
renal disease and one of diabetic coma. A 
few have exhibited striking increase in 
tolerance for carbohydrate and no increase 
in severity of diabetes has been noted. 

The follow-up of the infants has shown 
that clinical diabetes developed once. In 
this instance the child of two diabetics 
showed the classical signs and symptoms of 
diabetes at the age of six years. Another 
patient not in this series had a glucose 
tolerance test which deviates slightly from 
the normal. Except for the high incidence 
of congenital defects, most of which have 
been slight in character, and obesity noted 
most commonly at the age of six, the course 
of the infants has been normal. 

Much that is controversial still exists in 
this problem of pregnancy complicating 
diabetes. That the clinical course in the 
obstetric diabetic patient is abnormal and 
that the fetal survival rate is significantly 
low are now two facts agreed upon by most 
students of the problem. In our experience 
in addition to sex hormonal imbalance, 
duration of diabetes and its coincidental 
vascular problems had an_ unfavorable 
effect upon the course and the fetal survival 
rate. Although the pre-diabetes or latent 
diabetes may have a harmful effect, it is 
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not comparable to that of long-standing 
diabetes. When diabetes had existed for 
more than twenty years, the fetal survival 
rate in patients receiving treatment for 
diabetes alone for the entire period has been 
only 20 per cent; and when vascular disease 
had progressed so far that the pelvic arteries 
were calcified and the treatment employed 
was that for diabetes alone, in our experi- 
ence, the fetal survival was only 10 per cent. 

The controversial points include an 
explanation of the mechanism, particularly 
which of the endocrine glands is primarily 
at fault, the placenta, the pituitary, the 
adrenal or all three. Abnormalities of 
placental sex hormonal balance have been 
demonstrated. Normal or elevated excre- 
tion of 17-ketosteroids, normal eosinophile 
count in treated cases suggest that in this 
group the function of the pituitary and the 
adrenal cortex at least in some respects are 
normal. With failure of sex hormonal bal- 
ance, overfunction of the pituitary and 
subsequent overfunction of adrenal cortex 
is not an illogical theory. 

Controversial, too, is the explanation of 
the size, the edema and the splanchnomegaly 
in the infant. Is it the response to pituitary, 
adrenal, cortical or chorionic gonadotropin, 
or perhaps to all three? Still more contro- 
versial is the concept of therapy. Is it 
stimulating or replacement? Clinical ex- 
perience suggests the latter. Newer methods 
for assays of estrogen may in a short time 
solve this problem. 

If we consider that the background favor- 
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ing normal pregnancy includes normal 
function and structure of the pituitary, 
ovaries, uterus, placenta, liver and enzyme 
system, it is littke wonder that the clinical 
course in the diabetic is abnormal and the 
fetal survival low; for the kidney in the 
young diabetic has revealed a latent vascu- 
lar disease, the enzyme system of the dia- 
betic is under suspicion, the function of the 
liver can be altered by abnormal deposition 
of glycogen and fat, the uterus and ovaries 
are those of suspicion, the placenta has 
failed in its production of sex hormones and, 
without the inhibiting influence of estrogen 
and progesterone, pituitary overactivity 
may occur. 

Thus diabetes through its disturbed 
metabolism, hormonal imbalance, the trans- 
mission of congenital defects and vascular 
disease does have a profound effect upon 
the course of pregnancy and the structure 
and behavior of the child. The disturbed 
metabolism and the hormonal imbalance 
are the correctible parts of our problem; 
and although the expected fetal survival in 
diabetes today is 90 per cent, only when 
the entire genetic and vascular problem of 
diabetes is solved will our experience be 
equal to the best in non-diabetic, obstetric 
and pediatric experience. 
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HE relationship between diabetes 
and arteriosclerosis is a particularly 
intimate one. Arteriosclerosis, which 
can no longer be considered a disease ex- 
clusively of the second half of life, is being 
shown more and more to occur in the rela- 
tively young, particularly in diabetics. 
Additional data are needed, however, be- 
fore we may say that severe or uncontrolled 
diabetes or ketosis leads directly to more 
extensive arteriosclerosis than would de- 
velop in mild or controlled forms of the 
disease. 

Outstanding contributions toward the 
present day viewpoint have come from the 
observations of Dolger*® who showed how 
few diabetics escape vascular lesions after 
fifteen or twenty years of the disease; of 
Dock" and others who called attention to 
the relative frequency of coronary arterio- 
sclerosis and infarction in the young; and 
of Priscilla White! and associates, who went 
‘fall the way”’ in showing the high incidence 
of vascular lesions in the young and in very 
young diabetics. We now seem justified in 
speaking of the universality of arteriosclerosis 
in diabetes. 

The pathologist finds it convenient to 
divide arteriosclerosis into three types: (1) 
atherosclerosis, which is considered to be 
essentially a disease of the intima, (2) 
medial sclerosis, the Moenckeberg’s type** 
which in the main involves the media and 
(3) arteriolar sclerosis, which also includes 
intercapillary renal lesions. While all three 
are found both in the non-diabetic and in 
the diabetic, they occur much earlier and 
more extensively in diabetics. It is athero- 
sclerosis with its intimal plaques that leads 
to coronary lesions and that in our day is of 


utmost clinical importance. Studies of these 
plaques in both their early and advanced 
stages have thrown some light on the 
mechanisms at work in the pre-thrombotic 
states but much more is yet to be learned 
along these lines. The pathologist would 
like to be able to tell us whether the 
cholesterol deposits are primary or second- 
ary and whether they are of endogenous or 
exogenous origin, but he does not have 
sufficient evidence to supply the final 
answers. 

Medial calcification, in the main, con- 
sists of deposits of calcium in the media of 
muscular arteries, particularly in those of 
the lower extremities. While the changes 
which precede calcium deposits are not too 
well understood, we do know that they are 
more complex than simple deposition of fat. 
Of clinical importance is the fact that 
medial calcification does not narrow the 
lumen of a vessel. ‘That is why a diabetic 
may have marked medial calcification 
which does not lead to vascular narrowing 
and subsequently to gangrene. 


DISTRIBUTION OF ARTERIOSCLEROSIS IN 
ANIMALS AND MAN 


Arteriosclerosis is largely a human disease 
but is also found in carnivora and herbivora. 
It occurs in mammals, lower vertebrates 
and birds, more so in some species than in 
others. It is not common in monkeys, cats 
and dogs but does occur not infrequently in 
cows, horses, marsupials, parrots and shore 
birds which show medial sclerosis and 
plaques. Arteriosclerosis is not uncommon 
in chickens and geese fed or overfed for 
market. Physically active animals show less, 


* From the University of Pittsburgh School of Medicine and the University Clinic, Pittsburgh Medical Center, 
Pittsburgh, Pa. 
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inactive birds like the goose and parrot show 
more arteriosclerosis. 

Many and varied accounts have been 
written on the incidence of arteriosclerosis as 
well as hypertension in certain races and 
tribes of mankind the world over. Arterio- 
sclerosis is notably absent among the poorer 
classes in Southern China, in certain regions 
in India particularly among vegetarians, in 
the Kenya Colony of Africa, in Puerto Rico 
and in the Eskimo. The Chinese referred to 
live largely on rice, with very little animal 
protein and animal fat. Arteriosclerosis 1s 
uncommon in Mohammedans who do not 
eat meat and in Puerto Rico where the diet 
is low in animal protein and fat. Necropsies 
in Okinawans by Steiner?! revealed sclerosis 
of the aorta in only 7 of 150 autopsies and 
complications and sequelae of arterio- 
sclerosis were not seen at all. ‘There were no 
cases of coronary occlusion. The diet of the 
Eskimo is not blubber as is commonly 
stated; actually he depends on the viscera 
and muscle of animals for his daily food. 
Kean and Hammill*® in a recent report on 
the anthropathology of hypertension find 
that in certain African tribes blood pressure 
does not increase with advancing years as it 
does in this country and in Europeans. This 
was also true for groups of poor Chinese who 
live on sparse diets but not so true for the 
wealthier ones. Panamanians have little 
hypertension and they show no increasing 
pressure with advancing years. Zuni Indians 
have low arterial pressure. All of this is 
related more or less to the problem of 
arteriosclerosis. 


ETIOLOGY OF ARTERIOSCLEROSIS 


Here we would do well to consider the 
long and patient studies of ‘Timothy Leary, 
who believes that atherosis (and arterio- 
sclerosis) is essentially a metabolic disease. 
Human beings have a limited capacity to 
destroy or excrete cholesterol, which accu- 
mulates in the blood and tissues just as uric 
acid does in the tophi of the joints and 
tendons of persons with gout. Cholesterol 
combines with fatty acids to form cholesterol 
esters. According to the concept of Leary, 
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atherosclerosis is due to production of 
crystalline cholesterol esters during periods 
of excessive ingestion of cholesterol in the 
following sequence: (1) cholesterol is esteri- 
fied in the liver; (2) it is removed from the 
liver by Kupffer cells functioning as phago- 
cytes, carrying the crystalline esters through 
the lungs into the systemic circulation, 
finally invading the arterial intima and (3) 
these crystalline esters, Leary contends, are 
just as irritating to the intima as silica is to 
lung tissue in silicosis. Leary contends that 
in this way deposit of fats leads to calcifica- 
tion, distortion of the artery and finally to 
the typical late effects and sequelae char- 
acteristic of arteriosclerosis. 

Wilens considers nutritional factors of 
major importance in the etiology of athero- 
sclerosis and arteriosclerosis. He notes that 
only too often lesions referred to as arterio- 
sclerosis actually are of the atherosclerotic 
type. Included among the clinical conse- 
quences of these atheromatous lesions of the 
intima are angina pectoris, apoplexy and 
gangrene of the extremities, all of which are 
characterized by marked narrowing of the 
vascular channels. As a result of his studies 
Wilens is inclined to believe that such 
lesions might be prevented even though 
they cannot be healed or made to disappear. 
Wilens has observed histologic evidences of 
improvement or reversion of the lesions 
under certain conditions and believes that 
such lesions might even be brought under 
clinical control. During periods of marked 
loss in weight, says Wilens, the lipid content 
of intimal plaques may diminish or dis- 
appear. At necropsy he found that 67 per 
cent of persons without terminal weight 
loss had atherosclerosis while of those who 
had lost considerable weight only 38 per 
cent showed a comparable degree of athero- 
sclerosis. Weight loss of only a few months’ 
duration may be sufficient to cause reduc- 
tion or withdrawal of lipids with a reversal 
of the atherosclerotic process. At the same 
time Wilens is not prepared to accept the 
dictum that this disease is altogether a dis- 
order of nutrition, or to be more specific, a 
primary disorder of cholesterol metabolism. 
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Instead he proposes that the excess lipid 
material in the vessel wall might be of 
endogenous rather than of exogenous origin. 
Along with cholesterol, such lipids as 
phosphatides and neutral fats also are 
present in atheromatous lesions. 

It has been realized for many years that 
infection is not an important factor in the 
etiology of arteriosclerosis and everything 
that is known bears out that viewpoint. It 
is known that during certain acute infections 
the blood cholesterol levels fall. During 
convalescence there is an up-and-down 
phase after which the formerly normal levels 
are re-established. Chronic infections, nota- 
bly tuberculosis, are not productive of 
arteriosclerosis; in fact, the tuberculous 
subject is strikingly free of arteriosclerotic 
lesions at necropsy. 

In so far as endocrine disturbances are 
concerned in their relationship to arterio- 
sclerosis, not enough is known concerning 
the function of the individual endocrines, of 
their various combined effects, their action 
and their interactions. It is known that 
testosterone and estradiol inhibit hyper- 
cholesterolemia and atherosclerosis in rab- 
bits. Pancreatectomy is followed by diabetes 
and diabetes is followed by arteriosclerosis. 
Radiation-induced or surgical thyroidec- 
tomy is followed by myxedema which in 
turn is followed by high cholesterol and 
atheromatosis. Thyrotoxicosis or thyroid 
extract in large doses reduces hypercholes- 
terolemia and atheromatosis. 

Age no longer is considered the dominant 
factor in arteriosclerosis. ‘The decrescent 
period of life is the time when arterio- 
sclerosis is most frequently noted but it is 
not duration of the life span which of itself 
is responsible. Arteriosclerosis occurs in 
time but it is not caused by time. The 
processes behind arteriosclerosis will in all 
probability be found to be biochemical and 
physical. 

Sex has been considered an important 
factor in predisposition to arteriosclerosis. 
While it seems that in non-diabetics there is 


more peripheral vascular disease in males. 


than in females, in diabetics the number of 
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cases of foot gangrene that we see is about 
the same in both sexes. Obesity is much 
more prevalent in the female. These facts, 
of course, serve to emphasize the importance 
of diabetes and obesity as related to 


, arteriosclerosis. 


Occupation has been considered signifi- 
cant in this connection; if this means any- 
thing at all, it is recognition of the fact that 
mechanical strain or injury, wherever and 
however it occurs, is added insult which 
quickens the cycle of pathologic events that 
follow. Wilens, as others before him, em- 
phasizes the importance of intravascular 
pressure plus the element of gravity which 
comes with the vertical posture. Intimal 
plaques are found more commonly in 
arteries in which the blood pressure is 
higher because of the upright position of 
the body. 

Inheritance is undoubtedly an important 
factor in arteriosclerosis. The importance of 
family history in diabetics with vascular 
disease needs no emphasis. It is our experi- 
ence that the diabetic in whom we find 
advanced arteriosclerosis frequently gives a 
history of cardiovascular disease in his 
antecedents. He also presents other evi- 
dences of the diabetic ‘anlage.’ The 
diabetic with manifestations of impending 
gangrene in his misshapen, calloused and 
bunioned feet will almost invariably tell the 
doctor, if the doctor will enquire, that his or 
her father or mother had feet or toes just 
like his own. The experienced clinician has 
long realized the importance and frequency 
of the inheritance factor in hypertension, 
arteriosclerosis, coronary disease and pe- 
ripheral vascular disease. The inheritance 
factor in xanthomatosis and hypercholes- 
terolemia is likewise well known. Here the 
studies of Wilkinson“ in essential familial 
hypercholesterolemia are of interest. Wilkin- 
son records four generations including 350 
individuals among whom 35 manifested the 
syndrome of high blood cholesterol, xan- 
thoma tuberosum, valvular heart disease, 
angina pectoris and electrocardiographic 
changes. Comparable findings were recently 
reported by Boas, Parets and Adlersberg?’ in 
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122 cases of proved corcnary atherosclerosis 
before the age of fifty. 

Overnutrition and obesity, whether the 
result of excessive feeding or abnormal heat 
conservation or suboxidation, can be shown 


statistically to be conducive to arterio-. 


sclerosis. In the obese hypercholesterolemia 
is twice as common as in the non+obese. As 
Wilens said, a thin person of fifty has less 
sclerosis than a fat one at the age of forty. 
Hypercholesterolemia is a common finding 
in obesity, hypertension, lipoid nephrosis, 
myxedema and in uncontrolled diabetes. 
In our own experience when a diabetic in 
the hospital is brought under satisfactory 
control, in most if not all cases the blood 
cholesterol descends to a definitely lower 
level. 

With regard to alcohol there is little 
experimental evidence that alcoholics have 
more or less arteriosclerosis than non- 
alcoholics. When cholesterol and alcohol 
were given together, the blood cholesterol 
level was higher but neither the liver nor 
aorta showed arteriosclerotic lesions (Wert- 
heim).! There is little evidence that the 
solvent action of alcohol on cholesterol aids 
in its diffusion or local concentration. It 
was noted by Ruffner (1921) that Moham- 
medan pilgrims who abstain from alcohol 
are relatively free of arteriosclerosis. Chronic 
alcoholics, who obtain a large portion of 
their daily caloric requirement from alcohol 
and therefore live on a relatively low diet, 
are remarkably free of aortic atheromatosis 
and arteriosclerosis. 

Nicotine is known to cause coronary 
spasm and nicotine poisoning is without 
doubt a harmful factor. ‘There is the tobacco 
angina, angina of effort which can be 
induced by smoking and the reduction of 
tolerance to exercise when the patient 
smokes one minute following exercise. Cer- 
tainly the mass of clinical evidence, in so 
far as coronary disease is concerned, over- 
whelmingly favors the idea that chronic 
nicotine poisoning is conducive to athero- 
sclerosis, especially coronary disease.*73* 
Occlusive vascular disease is definitely more 
prevalent in diabetics who smoke than in 


Arteriosclerosis and Diabetes—-Barach 


non-smokers. Smoking usually reduces pe- 
ripheral blood flow, increases pulse rate and 
blood pressure. In a few cases, especially in 
the elderly, these changes are less. This may 
be just as true whether the nicotine effect 
on the heart and vessels is direct or indirect. 


EXPERIMENTAL PRODUCTION OF TYPICAL 
ATHEROMAS 


In the dog experimental production of 
typical atheromas is accomplished by the 
administration of large doses of cholesterol 
by mouth, more so if at the same time thio- 
uracil is given. In such animals choles- 
terolemia may reach 800 to 2,000 mg. per 
cent.' Tween 80 and Triton A20, synthetic 
detergents given to rabbits intravenously, 
cause a striking increase in blood cholesterol 
and phospholipid levels. Alloxan diabetes 
produces lipemia, cholesterolemia and ath- 
erosclerosis. On the other hand, others 
have reported that in cholesterol-fed rab- 
bits alloxan diabetes tends to reduce 
atherosclerosis. 

Interesting studies have been made by 
Steiner and co-workers who found that 
rabbits fed 1 Gm. cholesterol three times 
per week consistently show atheromatous 
lesions after forty days; if, however, choline 
in 0.5 Gm. doses is given simultaneously, 
atherosclerosis does not make its appearance 
up to the eightieth day. Doses of 1 Gm. of 
choline delay the lesions to 90 or 100 days. 
Feeding choline to old hens caused a reduc- 
tion of cholesterol in the blood, aorta and 
liver.?° Inositol and methionine, according 
to Hermann and others, reduce blood 
cholesterol levels; soya lecithin and _thio- 
cyanate also reduce blood cholesterol levels.° 


PROBLEMS FOR FUTURE RESEARCH 


Numerous questions having more or less 
bearing on the etiology of arteriosclerosis 
await further clarification and answers. 
Among the basic questions are those relating 
to cholesterol and other lipids. What is the 
real significance of hypercholesterolemia? 
To what extent do restricted or semi- 
starvation diets influence hyperlipemia? 
Can an equilibrium be established between 
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ingested cholesterol or lipids, and cholesterol 
in the liver, brain, nervous system and the 
blood? Does the high incidence of arterio- 
sclerosis in diabetes reflect a cholesterol 
imbalance in the diabetic? Pancreatic ex- 
tract (lipocaic)?® has been said to exert 
delaying effects on atherosis. Choline, 
inositol, methionine and soya lecithin have 
given favorable results in the restoration of 
normal cholesterol levels and possibly in the 
prevention of arteriosclerosis in experimen- 
tal arteriosclerosis. Of what value are they 
in preventing, minimizing or abolishing 
atheromatous lesions? Is the cholesterol 
particle under certain conditions subject to 
physiochemical alterations which prepare 
it for an abnormal role and ultimately lead 
to deposition on the intima of the blood 
vessels. Moreton’ put forth the theory that 
the cumulative effect of many fatty meals 
over a lifetime, producing showers of large 
lipid particles in the plasma, is an under- 
lying cause of atherosclerosis in humans. 
These large particles pass with the lymph 
into the intima, inciting local reaction. 
Triglycerides and fatty acids are resorbed 
but cholesterol remains. 

It is known that cholesterol occurs in all 
animal cells but is present in greater 
amounts in fat tissues, in the brain and 
in the spinal cord. Fat is a solvent and the 
vehicle for cholesterol, and rabbits fed 
cholesterol in oil seem to develop arterio- 
sclerosis earlier than those fed crystalline 
cholesterol. Cholesterol is taken in with 
fatty focds but can also be formed in the 
body from fats, protein and carbohydrate; 
any compound which an animal can con- 
vert to acetate can be utilized to make 
cholesterol. Cholesterol is the mother sub- 
stance of adrenocortical substance and sex 
hormones. It is a universal constituent of 
tissues but it is not a universal dietary consti- 
tuent. It exists in invisible combination 
in cells and in colloidal suspension in the 
blood. Under polarized light cholesterin 
becomes visible as solid crystals and crystal- 
ine esters. 

Our knowledge of cholesterol synthesis 
and metabolism in the body is still frag- 


NOVEMBER, 1949 


621 


mentary. Isotope technics introduced by 
Schoenheimer, Rittenberg and Bloch will 
doubtless throw additional light on the role 
of cholesterol metabolism in vascular dis- 
ease. Feeding experiments with deuterium- 
labelled cholesterol, followed by examining 


_ the isotope content of the liver, aorta, coro- 


nary vessels and blood plasma, open the 
possibility of estimating both exogenous and 
endogenous cholesterol that will mark a 
definite step forward. By feeding heavy 
water it was shown that half of the choles- 
terol hydrogen atoms have their origin in 
body water and that any compound which 
the animal can convert into acetate can be 
utilized in the synthesis of cholesterol by the 
liver. Neutral fats can be labelled with 
iodine'*' and plasma fat curves established 
for the normal and abnormal. Cholesterol 
tracers open up the possibility of studying 
the role of cholesterol from the time of 
ingestion to its deposit in organs and tissues, 
and to its final decomposition and rate of 
each of these steps. 

Another problem pertains to the mechani- 
cal effect of increased intravascular pressure 
as it exists in established hypertension. The 
mechanical factor is illustrated when an 
artery comes into contact with a bony 
surface, such as the misplaced subclavian 
artery in the case of a cervical rib; such an 
artery is more apt to become sclerotic than 
one imbedded in soft tissues. Another in- 
stance is that in poliomyelitis; when one leg 
or arm is involved, the blood vessels on the 
flaccid side show less sclerosis than those 
with normal muscle tone. In Ayerza’s 
disease it is the hypertension in the pul- 
monary circuit which is primary and the 
arteriosclerosis secondary. ‘To what extent 
hydrostatic pressure effect is actually re- 
sponsible for the lodgment and diffusion of 
lipoid substance on and in the walls of blood 
vessels is not a settled question, although 
the concurrence of hypertension and arterio- 
sclerosis is well known. 


PROBLEMS AND PRINCIPLES OF TREATMENT 


There are today new and _ interesting 
avenues of approach toward the possible 
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control of arteriosclerosis. Medical research, 
particularly in lower animals, indicates the 
possibility of arresting atherosclerotic proc- 
esses and perhaps of reversion of processes 
already begun. We accept the fact that 
deposits of cholesterol in the intima of blood 
vessels occur in the early stages and the 
question is whether this occurs because of 
excessive amounts of cholesterol in the 
circulating blood or whether there is some 
alteration in the cholesterol molecule itself 
which under certain conditions initiates the 
lesion. 

If excess cholesterol in the diabetic can 
be controlled or influenced favorably by 
the administration of insulin, will we do 
better from now on to use insulin more 
generously than we have in the past, at the 
same time avoiding hyperinsulinism? We 
have known for a long time that the large 
liver of young diabetics responds to gener- 
ous doses of insulin. Does this imply that 
insulin improves liver function or fat me- 
tabolism or the restoration of a more 
normal enzyme and cholesterol metab- 
olism, and ultimately may it delay or 
prevent arteriosclerosis? 

Our approach to the treatment of arterio- 
sclerosis, therefore, depends upon which 
viewpoints we accept as to its underlying 
causes and the relative importance of each. 
We can do nothing about the age of the 
patient but we may be able to do something 
about premature aging once we know how 
this depends on faulty nutrition. We can do 
little about hypertension until we know its 
origin and succeed in its control. We could 
do much, almost everything that might be 
necessary about diet control if only we knew 
just what should be done. If we admit that 
obesity is an underlying factor in athero- 
sclerosis, and autopsy findings indicate that 
it occurs twice as frequently as in emaciated 
individuals, the necessary steps become clear 
to that extent. If the obesity is brought 
about by ingestion of excessive amounts of 
fatty foods, if the various fats and lipids act 
as vehicles for the diffusion of cholesterol 
throughout the circulatory system and if 
cholesterol, not readily metabolized, acts 
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as a foreign substance and an irritant and 
destructive agent to the vessel wall, our 
method of approach again becomes clear, 
namely, avoidance of overeating and subse- 
quent obesity, a strictly low-fat and low- 
cholesterol intake by which we may elimi- 
nate twoor three possibleunderlying causes— 
obesity, hypertension and hypercholestero- 
lemia. Strangely enough, this concept takes 
us back to Anitschikow* in 1913, the very 
beginning of the still prevailing viewpoint 
in our day. 

If on the other hand cholesterol deposits 
in the intima and subintimal layers are of 
endogenous origin, if the lipoids there are 
elaborated within the arterial walls, control 
of these processes must be found in the 
darker recesses of the human metabolism. 
That would inevitably lead us into the fields 
of endocrine functions and enzyme activi- 
ties, into the physiology and pathologic 
physiology of liver function and into still 
other even less known fields. Even that, it 
may be, is not entirely hopeless; for if we 
may trust our other experiences, by restrict- 
ing fat intake to a minimum we would still 


‘be reducing the fat that feeds the fires of © 


atherosclerosis. 

A basic question today is, whether fat is a 
final storage form of excess food which can 
only be burned and converted to carbon 
dioxide and water, or is it part of the 
metabolic pool of the body to which frag- 
ments are being constantly added and from 
which they are continuously being with- 
drawn for various uses? 

However all these questions may finally 
be answered, we in our day must care for 
our patients in the light of present day 
knowledge. That calls for a sensible middle- 
of-the-road plan in keeping with the present 
and future probabilities of good treatment. 
Today, as far as I can see, our plan should 
aim at restoration and maintenance of a 
normal or ideal body weight; for this we 
have adequate standards.‘' Our second aim 
is to allow our patients an adequate daily 
protein intake sufficient to prevent possible 
nitrogen deficit and hypoproteinemia, as 
may happen if we gave our patients less 
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than 24 Gm. protein per Kg. body weight. 
Our next aim must be to give the patient 
the smallest amount of fat that will make 
up a satisfactory diet; one which the sensi- 
ble patient will not refuse and one toward 
which he will cooperate with his doctor. 
For the diabetic this may nearly always be 
achieved with 75 to 90 Gm. of fat per day 
and there is also a choice in the kinds of fat. 
Today we are recommending the use of 
vegetable fats to a large extent, aiming 
thereby to reduce cholesterol intake. Until 
the time comes when it is proved that it is 
futile to recommend low-fat and low- 
cholesterol diets we will continue to advise 
against excessive use of eggs, milk, butter, 
lard, sweetbreads, fat meats, etc., all of 
them known to be rich in cholesterol and 
high in fat content. We advise the use of 
oleomargarine to replace butter, and vege- 
table oils to replace animal fats for 
cooking; skimmed milk or buttermilk as a 
beverage and minimal amounts of other fat 
foods. According to our figures the cho- 
lesterol content of everyday foods is about 
as follows: 1 egg contains about 0.3 Gm.; 
3 ounces of meat contain about 0.3 Gm.; 
milk contains about 0.2 Gm. per quart; 
3 ounces of liver contain about 0.3 Gm.; 
3 ounces of smooth muscle contain about 
0.2 Gm. cholesterol. 

Needless to say, we have no recognized 
specific medication against athero- or arte- 
riosclerosis. ‘The use of choline, methionine, 
inositol, soya lecithin, etc., is still in the 
experimental stage and the results thus far 
reported in animals and man will require 
much more controlled observation to justify 
general clinical use. 
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Management of Diabetes in a General 
Medical Practice 


RussELL M. WILDER, JR., M.D. 


Minneapolis, Minnesota 


HE majority of patients with dia- 

betes are and must of necessity be 
cared for by physicians who do not 

regard themselves as specialists in this field. 
It is with this group of physicians in mind 
that this article has been written, the pur- 
pose being to describe a practical and 
simplified program of diabetic management. 
The program avoids on the one hand ex- 
cessively rigid control which may be time- 
consuming and costly, and on the other 
hand inadequate control which inevitably 
follows inattentiveness to the principles of 
satisfactory treatment. The treatment of 
diabetic emergencies, such as acidosis, is 
beyond the scope of this paper. I am con- 
cerned here primarily with the management 
of the diabetic patient who is ambulatory. 
No time should be lost in establishing 
adequate control in any patient in whom 
more than minimal glycosuria has been 
demonstrated. Such a patient is to be con- 
sidered a diabetic until or unless the 
glycosuria proves to be benign. The patient 
in whom glycosuria is more or less acci- 
dently discovered as a result of an office 
examination is not infrequently highly 
reluctant to enter the hospital and to assume 
what he is apt to regard as an unnecessary 
and unwarranted expense. The patient 
must be told that satisfactory treatment is 
based on accurate diagnosis. Fasting blood 
sugar determinations and (in borderline 
cases) glucose tolerance tests may be needed. 
The well equipped hospital will have 
facilities for laboratory investigation, not 
all of them likely to be available in the 
physician’s office. The need for highly 
accurate laboratory procedures should be 
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cited in urging hospital entry. There is a 
psychologic advantage in hospitalizing the 
diabetic patient shortly after his disease is 
discovered. If his physician regards his 
disease as serious enough to require hospital 
observation and instruction, the patient 
tends to be impyvessed by the potentially 
serious nature of his illness and is apt to 
receive his instruction in a more coopera- 
tive mood than might be attained in the 
physician’s office. It is well for the patient 
to concentrate almost exclusively on the 
management of his diabetes during this 
introductory phase when a period of 
hospitalization will not seriously interfere 
for long with his usual work and activities. 
Getting him away from the well meaning 
but often ill advised sympathy of his friends 
and family is helpful. Finally, hospital in- 
struction of the patient with the concen- 
trated cooperation of the resident staff, 
nursing staff, dietetics department and the 
physician means an inestimable saving in 
time for both the patient and his doctor. 
The patient is admitted to his room and 
instructed first in the collection of urine 
specimens for testing. A good routine in- 
volves testing a freshly voided urine specimen 
four times a day, before meals and at bed- 
time. The patient (and the nursing depart- 
ment) must thoroughly understand that a 
fresh specimen means urine which has been 
recently filtered through the glomeruli. ‘The 
bladder must be emptied about half an hour 
before the test specimens are obtained in 
order that they may represent a fairly 
accurate index of the corresponding blood 
sugar values for the same time period, and 
contain a relatively small proportion, if any, 
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of “‘overflow glucose”’ spilled into the urine 
from a preceding meal. The nurses usually 
share the responsibility with the physician 
for teaching the patient to test his urine, 
using either qualitative Benedict’s solution 
or the handier self-heating compressed 
testing tablets. ‘Twenty-four hours after 
admission most patients test their own urine 
with only minimal supervision. 

The diabetic patient deserves a pains- 
takingly thorough - physical examination 
with perhaps more than usual emphasis on 
the skin, mouth and odor of the breath 
(acetone); the height and weight; and ex- 
amination of the ocular media and fundi. 
Not infrequently diabetes can be suspected 
from lens or retinal changes, and the 
physician who sees patients with diabetes 
will find his ophthalmoscope one of his 
most valuable aids. However, the physi- 
cian’s findings ought periodically to be 
checked against those of a competent 
ophthalmologist to be sure that develop- 
ment and progression of cataracts and 
diabetic retinopathy are not overlooked. 

The size of the liver should be estimated 
by percussion and palpation. The status of 
the peripheral circulation especially in 
regard to presence or absence of pulsations 
in the arteries of the feet is of great impor- 
tance. Evidence of diabetic neuropathy 
must be searched for. Reflex changes and 
absent or diminished vibration sensation in 
the lower extremities are particularly im- 
portant as probable early manifestations of 
‘‘diabetic neuritis.” 

Before breakfast on the morning after 
hospital admission blood is secured for 
determination of glucose and plasma cho- 
lesterol values, for hematologic examination, 
for a Wassermann test and sedimentation 
rate. A routine chest x-ray ought to be part 
of the initial examination. The need for 
other laboratory procedure such as the basal 
metabolic rate, other x-rays, such as those 
of the feet or pelvis for calcification of 
arteries, or of the stomach, gallbladder or 
colon, must be determined from the history 
and ‘findings ‘of the physical examination. 
If there is suspicion of chronic pancreatitis 
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a flat plate of the region of the pancreas for 
evidence of calcinosis of the pancreas should 
be obtained before the roentgenologic 
study of the stomach, gallbladder or colon. 

The diabetic customarily starts his dietary 
program with regimen containing 1,200 to 
1,800 calories, which is to serve only as a 
temporary diet until a formula can be 
tailored to fit his needs. If, however, the 
fasting blood sugar level is found to be 
normal so that the diagnosis of diabetes 
mellitus is questionable and a glucose toler- 
ance test is decided upon, the patient must 
be given a general diet with a generous 
proportion of carbohydrate for at least two 
days before the test is made. It will be 
remembered that a normal individual who 
has been subjected to a diet restricted in 
carbohydrates for as short a period as 
twenty-four hours or who has been sub- 
jected to prolonged fasting may show a 
diabetic response to a glucose tolerance 
test. 

A fairly common oversight 1n the instruc- 
tion of the diabetic patient in the dietary 
management of his disease 1s the apparent 
assumption that a patient who is in a 
hospital bed and who 1s satisfactorily con- 
trolled on say 1,800 calories with a small 
dosage of protamine insulin will do equally 
well when he is out of bed and actively at 
work. The error is serious because the pa- 
tient gets hungry when he is working, has 
to eat more to feel comfortable and then 1s 
either bothered by a guilty conscience when 
he next sees his physician or avoids his next 
appointment entirely. This mistake can 
easily be avoided by carefully going over 
the patient’s usual activities with him and 
basing the prescription for the dismissal diet 
on his probable daily energy expenditure. 

Using either the Boothby and Berkson 
nomogram or a convenient slide rule, a 
forty year old male patient whose ideal 
weight is 160 pounds and who is 5 feet, 
10 inches in height will be found to need 
1,740 calories as his basal requirement (rest 
in bed or chair). For sedentary work 30 per 
cent should be added to this figure and for 
moderately heavy work 40 to 50 per cent. 
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If he is moderately active, he will need 
2,450 calories; while on a day that he plays 
several sets of strenuous tennis or eighteen 
holes of golf, his need will increase to 
2,600 calories or more. 

When a diet order is written after the 
patient’s admission to the hospital, it is well 
to make sure that this is not interpreted by 
the patient or by the dietitian as a dis- 
charge program. In general the patient will 
need an increased caloric intake of approxi- 
mately 20 per cent over his hospital diet 
when he goes home, unless a weight reduc- 
tion program is in order. 

One drawback to the hospital instruction 
of the otherwise ambulatory diabetic lies 
in the enforced inactivity commonly associ- 
ated with institutionalization. This can 
largely be avoided, the patient’s insulin re- 
quirement lowered and his status more 
closely brought to approximate that of his 
daily home life if, after the first twenty-four 
to forty-eight hours, he is urged to get out 
of the hospital several times each day to 
take some moderate form of exercise such 
as a brisk half hour walk. In this way an 
artificial situation can be produced which 
roughly mimics his average daily activity 
at home and gives the physician a more 
secure basis for judging both dietary and 
insulin requirements than can be deter- 
mined otherwise from hospital observation 
alone. | 

Once the patient’s diet prescriptions 
have been written, the details of dietary 
management, food substitutions and the 
weighing or measuring of food portions may 
be safely entrusted to the hospital dietitian. 
She should be able to secure the complete 
cooperation of that member of the house- 
hold who will be responsible for planning 
and cooking the meals. However, even 
though the patient does not actually per- 
form the meal planning or cooking, he 
should be carefully instructed in the funda- 
mentals of his diet to take care of situations 
in which meals are eaten away from home 
or in which he has to prepare his own meals. 

The patient whose diabetes is severe 
enough to require insulin for adequate 


NOVEMBER, 1949 


627 


regulation is shown how to measure and 
regulate his dosage, and should be fully 
capable of continuing to administer his own 
insulin by the time he is ready to go home. 
Even those patients whose diabetes is ade- 
quately controlled by dietary restriction 
alone ought to have basic instruction in the 
administration of insulin to prepare them 
in case it should be needed at some future 
date. Such patients should have the ex- 
perience of self-injection of a minimal and 
harmless dosage of 5 units or less of un- 
modified insulin taken just before a meal. 

Approximately 50 per cent of one’s dia- 
betic patients will be capable of regulation 
without insulin. Another 25 to 30 per cent 
will require less than 30 units of insulin 
daily; this group is best handled on prota- 
mine insulin in one daily injection. The 
remaining group of diabetics, the so-called 
‘“‘“Group Iv,” is apt to do poorly on prota- 
mine insulin alone. With dosages large 
enough to control day-time glycosuria 
night-time reactions are all too frequent. A 
smaller dosage of protamine-zinc insulin 
supplemented by unmodified insulin before 
each meal will give excellent control but 
leaves the patient with the unhappy pros- 
pect of giving himself three or four injections 
each day. 

On the whole, this group of severer 
diabetics does best on a mixture of prota- 
mine and unmodified insulin taken one- 
half hour before the morning meal. The 
first day or two of diabetic regulation in the 
hospital will give valuable clues as to the 
probable magnitude of the patient’s insulin 
needs so that by the second or third day one 
can switch to a mixed insulin dosage, 
changing the proportion and amounts of 
the two insulins depending upon the early 
morning and late afternoon urine tests. 
The principle of mixed insulin technics has 
been adequately and thoroughly discussed 
elsewhere.'? For the majority of these dia- 
betics a mixture containing a ratio of 
regular to protamine insulin of 2:1 seems 
to be most satisfactory, although the mixed 
insulin technic is sufficiently flexible to be 
adapted to almost any type of insulin 
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requirement, such as 1:1, 149:1, 2:1, 3:1, 
and even 4 and 5:1. The development of 
new insulin currently designated NPH-50 
and now on clinical trial* promises even 
simpler regulation for these severer dia- 
betics. Many of the milder diabetics who 
do satisfactorily on a 2:1 insulin ratio (two 
parts of regular to one part of protamine 
insulin) also apparently are well controlled 
on globin insulin. I have used globin insulin 
satisfactorily in relatively few cases with 
excellent day-time control and reasonably 
good night-time control. 

The patient using insulin must be care- 
fully informed about insulin reactions: how 
to prevent them, how to recognize them 
and how to treat them. He must thoroughly 
understand that when the specimens of 
urine are continuously sugar-free for several 
days, the dose of insulin is to be reduced by 
at least 2 units. He must regard any un- 
usual symptoms as possibly meaning the 
onset of a reaction, in particular any 
increased perspiration, any tremor or double 
vision. Finally, he must always carry sugar 
in some form on his person (loaf sugar is 
best) and must immediately take a loaf or 
two of sugar or the equivalent of this when 
symptoms of reaction—unusual perspira- 
tion with tremor and weakness—have 
developed. 

The behavior of a person in a more severe 
reaction suggests inebriation; later coma 
supervenes. To avoid the embarrassment 
that this may occasion and to insure early 
treatment, every diabetic ought to carry on 
his person a card which gives the following 
information: 


I have diabetes and my present condition 
may be owing to an overdose of insulin. Place 
sugar or candy in my mouth. If it fails to restore 
me in fifteen minutes, call my physician or send 
me to a hospital. 

My name is 
My physician is Dr. 
His address is 
His telephone number is 


The patient has now learned about his 
diabetes and his dietary requirements, he 
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knows how to test his urine for sugar, he 
knows how to regulate and administer his 
insulin dosage, how to recognize insulin 
reactions and how to treat them. He has 
been in the hospital for a period varying 
from three days to a week and he is far 
better able to take care of himself than he 
was a few days previously. At this point he 
should realize that he is competent to man- 
age his diabetes from 90 to 95 per cent of 
the time, barring the development of 
complications. 

On his discharge from the hospital the 
patient should be instructed to test his urine 
before breakfast and before supper every 
single day. He is told to report to the physi- 
cian for an office visit three to seven days 
later. This is partly to tie up any loose ends 
and to make sure that his instruction has 
been adequate and is thoroughly compre- 
hended. Overlooked points will frequently 
turn up. At this visit the patient has the 
opportunity to go over his insulin dosage 
(if he is taking any) with the physician and 
to receive the assurance that he is adminis- 
tering the proper quantities of insulin if 
this is the case. The diet also is reviewed. 
If no serious difficulties are encountered, he 
can be discharged after this first office visit 
for a period of approximately three months 
with instructions to call the physician in the 
intervening period of time should any difh- 
culties arise. When next seen, he is weighed, 
remeasured and his diet and insulin dosage 
evaluated in the light of his progress since 
leaving the hospital. In case he is getting 
too much or too little to eat, the services of 
the hospital dietitian may again be enlisted 
to help in working out a corrected dietary 
schedule. 

If control is satisfactory the patient is 
given an appointment to return to the 
physician’s office in approximately six 
months for a blood sugar determination. 
From then on he ought to be seen about 
twice yearly for help, encouragement, re- 
examination and instruction. If he is doing 
well, he ought to be told about it. If he is 
making mistakes, they should be corrected. 
Above all he should be continually en- 
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couraged to test his urine at least once a day, 
and if he is taking insulin, twice daily. The 
patient’s carefully kept reports of his own 
urine tests are the most valuable contribu- 
tion wnich he can make to his physician; 
they give far more information as to the 
progress of diabetic control than any num- 
ber of blood sugar value determinations 
could do. Blood sugar determinations have 
been overworked and given an emphasis 
out of all proportion to their actual impor- 
tance. They are expensive and often provide 
no information not already available from 
the results of simple qualitative urine sugar 
analyses. However, experience shows that 
the blood sugar determination serves as an 
inducement to maintain the continued 
interest of the patient in the proper manage- 
ment of his disease, and for this reason alone 
it should be made at intervals not less 
infrequent than once every three to six 
months. Furthermore, it has the function, 
not served by urinalyses, of detecting hypo- 
glycemia, and not infrequently a patient 
overenthusiastic about keeping all his urine 
specimens completely sugar-free will in- 
crease his dosages of insulin above what is 
required, thereby inviting insulin reactions. 

There are two extremes of mismanage- 
ment of the patient with diabetes. The first 
is the overcontrol method in which the 
patient is given a diet, a prescription for 
insulin and appointments to return to the 
doctor at much too frequent intervals for 
urine sugar or blood sugar determinations, 
until he soon becomes almost completely 
dependent on the physician for the entire 
management of his disease. The other is the 
undercontrol method in which the patient 
receives dietary and insulin instructions, 
starts out by carefully testing his urine and 
even counting calories, but because of the 
physician’s lack of interest and his own 
understandable desire to lead as normal a 
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life as possible and to think about his dia- 
betes as little as possible, stops testing his 
urine for weeks and even months at a time, 
eats carelessly and takes insulin depending 
upon how he “‘feels.”’ Sooner or later he 
becomes the patient whose only contact 
with the physician is during an illness, when 
he has a severe insulin reaction or when he 
is in acidosis. The wise physician will en- 
deavor to set a course which carefully 
misses these extremes and will do his best to 
see that his patient avoids both overdepend- 
ence and complete independence. 


SUMMARY 


1. A simplified method for managing the 
majority of diabetics seen in a general 
medical practice is outlined. 

2. The importance of initial hospitaliza- 
tion for diagnosis, treatment and _ instruc- 
tion is stressed. ‘The few days spent in the 
hospital early in the course of the disease 
will mean an inestimable saving of time for 
both the patient and his physician. 

3. The importance of daily or twice daily 
examinations for sugar of freshly voided 
urine specimens as indices of corresponding 
blood sugar values is re-emphasized. 

4. Dietary instruction and insulin regula- 
tion are briefly discussed. 

5. Follow-up management of the diabetic 
after his hospital discharge is described, and 
a plea is made for a program which avoids 
the extremes of excessively rigid control and 
of undercontrol. 


REFERENCES 


1. SpracuE, R. G. and UNDERDAHL, L. A. The use of 
insulin mixtures. Minnesota Med., 30: 153-156, 
1947. 

2. WitperR, R. M. A Primer for Diabetic Patients. 8th 
ed. Philadelphia and London, 1946. W. B. Saunders 
Co. 

3. Kirxpatrick, N. R. Experience with a new insulin. 
Proc. Staff Meet., Mayo Clin., 24: 365-370, 1949. 


Diabetic Coma’ 


Metabolic Derangements and Principles for Corrective Therapy 


GEORGE M. GUEST, M.D. 
Cincinnati, Ohio 


MONG various complications of dia- 
betes mellitus ketonemic acidosis 
and coma carry the most serious 
threat to the health and survival of the 
diabetic. The immediate hazards are evi- 
dent; there is also increasing evidence that 
the late complications of degenerative 
cardiovascular disease are greatest among 
patients who have suffered numerous epi- 
sodes of acidosis and coma.’ Theoretically, 
such states should never develop in patients 
who are constantly alert in the observance 
of the few precautionary measures that are 
most essential. But when unexpected emer- 
gencies occur, the treatment of severe 
diabetic coma involves some of the most 
interesting and challenging problems in 
clinical medicine. Progressive stages in the 
development of diabetic coma are deter- 
mined by a long series of closely interrelated 
functional derangements and chemical dis- 
turbances in the body, with secondary 
results that quickly become far more serious 
than the initial derangements of carbo- 
hydrate metabolism denoted by the name 
of the disease. 

Like many other phases of diabetic 
management the treatment of coma has 
involved numerous conflicts of opinion 
among highly qualified authorities, some- 
times leading to sharp exchanges of con- 
tradictions and reciprocal denunciations 
of various theories and practices followed 
in different centers. When closely examined 
some features of these conflicting views 
appear to be based upon argumentative 
distinctions without real differences in the 


fundamental concepts to which nearly all 
subscribe; attention is often confined to 
one or two or three points out of many 
known to be important in the chemical 
pathology of coma; and explanations of 
success or failure of treatment sometimes 
have been oversimplified by emphasis on the 
use and abuse of single items in the ther- 
apeutic armamentarium. 


FUNCTIONAL DERANGEMENTS 


In the development of diabetic acidosis 
and coma numerous factors are involved 
in a vicious circle of events in which all 
appear to aggravate the respective courses 
of separate but closely interrelated metabolic 
disturbances: (1) Insulin insufficiency or in- 
effectiveness; (2) impaired glycogenesis, in- 
creased glycogenolysis, hyperglycemia 
glycosuria, diuresis; (3) increased hepatic keto- 
genesis, ketonemia, ketonuria; (4) metabolic 
acidosis, with decreased bicarbonate and pH 
of the body fluids, and with hyperpnea a 
principal physical manifestation; (5) in- 
creased cellular catabolism liberating inorganic 
phosphates, potassium nitrogen and other 
metabolites from intracellular organic com- 
pounds; (6) dosses of electrolytes by increased 
urinary excretion; decreased concentrations 
of electrolytes in extracellular and intra- 
cellular spaces; (7) dehydration, occurring 
primarily from losses of electrolytes, ag- 
gravated by loss of water through glucose- 
diuresis and by insensible loss of water 
through the lungs with the development of 
severe hyperpnea; hemoconcentration, di- 
minished blood volume, falling blood pres- 
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sure, shock, anuria; (8) ¢ssue damage, 
resulting from increased cellular catabolism, 
anoxia and from release of “toxic” agents; 
(9) coma, resulting from ketonemic narcosis, 
cerebral anoxia, acidosis, etc. 

These various factors are dealt with briefly 
in the following paragraphs as a basis for the 
subsequent discussion of treatment. 

1. States of insulin deficiency may be 
defined as resulting from a lack of insulin, 
either endogenous or exogenous, or from 
circumstances leading to neutralization of 
the effects of available insulin. Ineffective- 
ness of insulin may result from the action of 
hormonal antagonists, specific antibodies, 
toxins or enzymes that destroy insulin, or 
of chemical conditions of the body fluids 
that inhibit enzymatic processes in which 
insulin is involved. It is obvious that many 
factors beyond a mere lack of insulin are 
operative in patients who require very large 
doses, sometimes huge, of exogenous insulin 
for the prevention of ketonemic acidosis or 
in the treatment of coma.-Suggested causes 
of insulin resistance have been well reviewed 
elsewhere”* and need not be considered 
here. Suffice it to say that the development 
of ketonemic acidosis is always initiated 
by insulin-insufficiency, regardless of the 
mechanism responsible for an increased 
need. In cases with treatment well estab- 
lished the occurrence of coma is usually 
clearly traceable to omission of the usual 
daily dose of insulin, to injudiciously de- 
creased dosage or to failure to increase the 
usual daily dosage as needed during infec- 
tions or illnesses that lead to increased 
insulin requirements. 

2. Hyperglycemia may be regarded as 
incidental to disturbances in the hepatic 
regulation of blood sugar levels,* the result 
of decreased glycogenesis and increased 
glycogenolysis rather than a predominant 
disturbance of the ability of the tissues to 
burn sugar.® Hepatic glycogen probably 
represents only a small fraction of the total 
carbohydrate utilized in the body through 
various metabolic channels. Low concen- 
trations of glycogen in the liver may be due 
to lack of or ineffectiveness of insulin to 
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promote glycogenesis, to glycogenolytic 
effects of the adrenal, thyroid or pituitary 
hormones, to bacterial or viral toxins af- 
fecting the physical integrity of the liver 
cells and to starvation. Especially in children 
the element of starvation may be important 
in the depletion of glycogen reserves when 
there is failure of appetite, refusal of food 
or vomiting at the onset of infections. Vary- 
ing degrees of hyperglycemia are not closely 
correlated with other severity indices of 
coma. Blood sugar levels may be very high 
in early stages of the development of a dia- 
betic crisis and may fall considerably during 
coma (without insulin) presumably due to 
the exhaustion of carbohydrate stores in the 
whole body. 

Hyperglycemia and glycosuria are con- 
comitant factors leading to diuresis but fe 
sé are not critical in the chemical pathology 
of coma. Even extreme degrees of hyper- 
glycemia in the absence of ketosis do not 
immediately lead to notable illness or func- 
tional disturbance other than diuresis al- 
though the latter may become intolerable 
to the patient.* Excessive excretion of 
electrolytes accompanies diuresis in diabetic 
acidosis; but glucose-diuresis of itself does 
not necessarily lead to salt deficits except 
under conditions of insulin-insufficiency. 
In studies on osmotic diuresis Rapoport and 
co-workers’ recently demonstrated that 
when urine flow was greatly increased 
by loading with glucose (in non-acidotic 
diabetic patients receiving insulin), the 
excretion of Na and Cl tended to rise 
proportionately while that of K and P 
tended to remain constant. On the other 
hand, when an insufficient supply of insulin 
leads to increased cellular catabolism and 
release of intracellular components, an 
excessive loss of both intra- and extracellu- 
lar electrolytes in the urine may be expected, 
regardless of the degree of diuresis. 

3. Abnormally rapid hepatic ketogenesis 
is associated with increased glycogenolysis 
and decreased concentrations of glycogen 
in the liver. Mutually aggravating factors 
are operative, inasmuch as glycogenolysis 
is increased by the state of ketonemic acido- 
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sis. The theory of overproduction of ketone 
bodies in diabetic acidosis is now well 
accepted, with the establishment of evi- 
dence that the usual rate of utilization of 
ketones by muscles and other extrahepatic 
tissues is unimpaired in depancreatized 
animals.*!° Ketonemia increases rapidly 
when overproduction exceeds both the 
capacity of the kidneys for secretion and the 
rate of utilization of the ketone bodies by 
muscles and other peripheral tissues."! 

4. Metabolic acidosis, characterized by 
low bicarbonate and low pH of the blood 
plasma, results partly from the accumula- 
tion of ketones and other acid metabolites, 
partly from losses of mineral cations that 
are excreted with ketone acids, phosphates 
and other anions in the urine; also, rela- 
tive hyperchloremia often co-exists with a 
lowered concentration of sodium in the 
plasma, especially in later stages of increas- 
ing hemoconcentration. The state of acidosis 
per se aggravates the course of the metabolic 
disturbances by multiple effects, directly or 
indirectly interfering with the action of 
insulin and generally accelerating catabolic 
processes in all tissues; e.g., lowered pH of 
the fluids inhibits synthesis and accelerates 
the decomposition of intracellular phos- 
phorylated compounds that are involved 
in the carbohydrate cycle. The hyperpnea 
that accompanies acidosis involves severe 
muscular effort, imposing burdens of fatigue 
and anxiety, and contributes to the develop- 
ment of dehydration, especially in late 
stages, by increasing the loss of water vapor 
in expired air. Correlating hyperpnea in 
acidotic patients with changes in blood pH, 
Kety et al.’? observed respirations increas- 
ing sharply below a threshold at around 
pH 7.2 to a maximum in the region of pH 
7.0 but decreasing with lower values as the 
severity of acidosis increased, probably 
owing to depression of the medullary 
centers. 

5. Increased tissue catabolism in the 
diabetic crisis involves the liberation of 
inorganic phosphates and associated cations 
(especially potassium) from cells into the 
plasma whence they are excreted in the 
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urine unless renal function is impaired. 
Metabolic balance studies have furnished 
abundant data on the nature of the meta- 
bolic losses that occur in diabetic acidosis. 
Von Noorden in 1905 stressed the impor- 
tance of phosphaturia in diabetic coma as 
an index of cellular catabolism. The classic 
study by Atchley, Loeb et al.'* demon- 
strated that losses of K and P were higher 
in proportion to N than the ratio found in 
tissues, indicating that labile intracellular 
compounds were lost without necessarily a 
complete cellular breakdown. 

Insulin deprivation leads to an increase 
in basal metabolic rate and to increased 
glycogenolysis before acidosis is apparent. 
With the development of acidosis the low 
pH of the body fluids favors the enzymatic 
decomposition of labile organic phosphates 
in the cells. When the rate of breakdown 
exceeds the rate of phosphorylation and 
resynthesis of compounds involved in the 
glycolytic cycle, inorganic phosphates are 
liberated into the blood. Increased phospha- 
turia in states of acidosis has been com- 
monly explained as a renal mechanism for 
conserving cations, for maintaining the 
alkali reserve in the plasma, diminished 
tubular reabsorption of phosphates occur- 
ring as an effect of lowered pH on the 
kidney.'* Increased liberation of inorganic 
phosphates from tissues is probably pri- 
mary and the more important factor in 
phosphaturia. 

6 and 7. Dehydration in diabetic acidosis 
results primarily from loss of electrolytes 
as it does in other conditions in which salt 
depletion leads to diminished ability of the 
body to retain water. Data from metabolic 
studies indicate that the losses are primarily 
cellular, depletion of extracellular elements 
occurring as a concomitant or secondary 
effect. In later stages vomiting (or the 
accumulation of fluid in a dilated stomach 
without actual vomiting) may aggravate 
the loss of extracellular electrolytes, chloride 
and sodium. The progressive manifestations 
of dehydration with depletion of total body 
fluids, hemoconcentration, diminished cir- 


culating blood volume, lowered blood 
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pressure and shock, are well known and 
need not be discussed here. The time ele- 
ment is important in determining the course 
of the depletion of the body fluids. When 
the evolution of acidosis and coma is rapid, 
dehydration may be less pronounced than 
when acidosis exists several days before the 
onset of coma and there is time for a greater 
total loss of electrolytes. Hypoelectrolytemia 
is found during the development of acidosis 
while polyuria and polydipsia are con- 
comitant symptoms but the picture may 
change considerably in later stages when 
polydipsia ceases with loss of consciousness 
or vomiting interrupts the intake of water. 
At this time, rising levels of non-protein 
nitrogen may indicate inadequate renal 
function due mainly to a lack of water. In 
the stages of coma when hyperventilation 
is increasing and fever accelerates the rate 
of water loss by vaporization, the loss of 
water alone from the lungs in expired air 
and through the skin in insensible perspira- 
tion becomes an increasingly important 
factor aggravating the state of dehydration. 
Such water loss leads to hemoconcentration 
in the true sense, with increasing osmolarity 
of the plasma. This sequence of events is 
similar to that leading to plasma hyperos- 
molarity and hyperelectrolytemia in infants 
with gastrointestinal disease complicated by 
hyperventilation.'®> Diarrheal disease ordi- 
narily leads to dehydration from salt loss, 
characterized by hypoelectrolytemia, but 
with severe hyperventilation provoked by 
co-existent respiratory tract infection the 
picture may change rapidly to one of hemo- 
concentration from water loss, with extreme 
degrees of hyperelectrolytemia and hyper- 
osmolarity of the blood plasma. Similar 
conditions may be found occasionally in 
diabetic coma. For example, in an infant, 
three months of age, suffering a respiratory 
tract infection and fever, with severe hyper- 
pnea, probably acidotic more than forty- 
eight hours before the diagnosis of diabetes 
was made and treatment was started, the 
concentrations of total base and of Cl in the 
blood serum were 180 and 135 m.Eq./L., 
respectively. 3 | 
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8. Aconcept of irreversible tissue damage 
is generally offered to explain the high 
mortality that is universally found among 
comatose patients, rising sharply with the 
duration of coma regardless of treat- 
ment.'*?° It is generally agreed that chemi- 
cal analyses of the blood of patients before 


the start of treatment show little difference 


between those who recover from coma of 
short duration and those who have been 
comatose a long time who do not recover. 
Investigators have turned their attention 
increasingly to the cells, rather than extra- 
cellular fluids, seeking explanations for the 
damage that is associated with various 
indices of severity of coma. Damage to 
vital organs may be ascribed to factors of 
increased catabolism induced by acidosis, 
involving the liberation of phosphates and 
mineral ions as already mentioned, to 
specific histotoxic effects of ketone bodies, 
especially acetoacetic acid, and to inter- 
ference with oxygen exchanges leading to 
tissue anoxia. The last item now appears 
to be the most important. In studies done 
on fourteen patients in severe coma, with 
mortality 43 per cent, Kety and co-workers!? 
found that the measurement of cerebral 
oxygen consumption was the only one of 
many tests performed before or at the start 
of treatment that seemed to have prognostic 
significance. They report that in these 
patients “‘there seemed to be a critical level 
for cerebral oxygen utilization of 2.1 cc. 
per 100 Gm. of brain per minute at or below 
which consciousness disappeared, compared 


with a consumption of 3.3 cc. per 100 Gm. 


per minute found in mentally alert normal 
subjects.”’ With but one exception a cerebral 
oxygen consumption below that critical 
level appeared to be incompatible with 
survival. 

Acute functional disturbances of the heart 
and kidneys may be ascribed similarly to the 
effects of acidosis and of cellular anoxia 
attending a diminution in circulating blood 
volume, hemoconcentration and shock. In 
older persons there are usually the com- 
plications of already existent cardiovascular 
disease. Specific effects of changes in the 
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concentration of potassium in the blood 
plasma on myocardial function, in severe 
coma and in the postacidotic period have 
been revealed by electrocardiographic 
studies. 

9. Coma, the ultimate and most critical 
manifestation of the diabetic crisis, is the 
most important of clinical indices correlated 
with prognosis. In their extensive study of 
llood gases, electrolytes and cerebral blood 
flow in diabetic subjects, mentioned above, 
Kety and co-workers found a close correla- 
tion between mental states (normal, alert, 
confused, unconscious) and the rate of 
utilization of oxygen by the brain; also, 
there was a good correlation between 
mental state, depression of cerebral metab- 
olism and rising levels of blood ketones. 
Coma was associated with a 40 per cent 
reduction in cerebral utilization of oxygen 
in spite of an augmented rate of cerebral 
blood flow and normal arterial oxygen 
saturation. Kety et al. concluded that the 
observed depression in cerebral metabolism 
could be ascribed both to the state of 
acidosis per se and to ketone substances 
probably acting as histotoxic agents. 


RECOVERY 


The steps involved in recovery from dia- 
betic coma may be described as a reversal 
of those that characterize the development 
of acidosis. Again, numerous factors of 
metabolic adjustments are closely interre- 
lated and mutually dependent upon the 
effects of various therapeutic measures: the 
administration of insulin and parenteral 
fluids, and realimentation. 

Effective doses of insulin promote glyco- 
genesis, inhibit glycogenolysis and hepatic 
ketogenesis and reduce tissue catabolism. 
The action of insulin is dependent upon 
available supplies of substrates for enzy- 
matic reactions, e.g., sugar, phosphorus and 
potassium, and upon the influence of pH on 
the enzymatic transformations; perhaps also 
upon amounts of enzymes and coenzymes 
in the tissues. Insulin may promote processes 
of phosphorylation in extrahepatic tissues 
in ways not yet well understood, not entirely 
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linked with its blood-sugar-lowering effects 
or the transfer of sugar from plasma to 
cells.??:?8%° Ketone bodies are eliminated 
partly by renal excretion, more by utiliza- 
tion in extrahepatic tissues.” The replace- 
ment of ketone anions by bicarbonate is 
accompanied by restoration of normal pH 
values and by simultaneous shifts in the 
distribution of Cl, Na and other elements in 
extracellular and intracellular fluids. Paren- 
teral fluid therapy is directed to the restora- 
tion of a normal circulating blood volume, 
replacement of electrolyte losses and rehy- 
dration of the whole body, essential to all 
phases of functional recovery. Processes of 
glycogen formation and re-establishment 
of normal carbohydrate metabolism in 
tissue cells involve the uptake of phosphorus 
and potassium from extracellular fluids. 
Concomitantly with recovery from acidosis, 
with rise of plasma pH to normal, the 
excessive urinary excretion of phosphate, 
potassium and other waste metabolites is 
sharply reduced; phosphaturia may be 
practically nil for several days after symp- 
tomatic recovery. The diminished phos- 
phaturia is explained as the result of (1) 
changes in tubular reabsorption of P found 
with changes of pH in the blood, (2) 
diminished liberation of inorganic phos- 
phates from cells as tissue catabolism is 
reduced and (3) lowered concentrations of 
inorganic P in the plasma. Metabolic 
equilibrium is reached after a normal nutri- 
tional state is restored by realimentation. 


BLOOD CHEMISTRY 


At each stage of development of acidosis 
and recovery the chemical state of the blood 
is the resultant of all processes that influence 
its changes. The composition of the plasma 
for the most part does not give an accurate 
indication of cellular changes. The direc- 
tion and rate of chemical changes in the 
plasma, if determined by serial measure- 
ments at short intervals, would offer better 
indices of the physiologic state of the whole 
body than any static representation of the 
composition of plasma, e.g., as in diagrams 
depicting electrolyte structure of the plasma 
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at a given moment. Just as blood sugar 
levels depend upon rates of glycogenesis, 
glycogenolysis, gluconeogenesis, utilization 
and excretion of glucose, so the concentra- 
tions of inorganic P and K in the blood 
plasma depend upon the rate and direction 
of exchanges of these elements between the 
cells and plasma, and the rates of their 
excretion in the urine. The levels of inor- 
ganic P, K and non-protein nitrogen in the 
plasma usually remain normal or low during 
the early stages of the development of 
acidosis when urinary excretion of these 
elements is steadily increasing but their 
levels rise rapidly in later stages as the result 
of increasing cellular catabolism plus failure 
of renal function to “‘clear’’ the plasma. In 
severe coma concentrations of inorganic P 
and K in the plasma may be and usually are 
high despite an increasing deficit of these 
elements in the blood and other tissue cells. * 
With increasing acidosis Cl and Na ions 
enter the cellular phase as P and K leave 
the cells. The ratio of cellular chloride to 
serum chloride, a function of pH, offers an 
index of shifts in the distribution of Cl 
between cells and extracellular fluids in the 
whole body. It is to be noted that this ratio 
is relatively high in acidosis regardless of 
whether the concentration of Cl in the 
plasma be low or high. Some investigators 
have found elevated concentrations of 
pyruvic acid in the blood plasma a sign of 
cellular disturbances in which the coenzyme 
cocarboxylase (thiamine pyrophosphate), 
required for the metabolism of pyruvic acid 
through the Krebs cycle, may be inactivated 
or lost with other phosphorylated com- 
pounds.*‘* During recovery when resynthesis 
of intracellular compounds involves a rapid 
uptake of P and K from the plasma, hypo- 
phosphatemia and hypopotassemia (with 
reference to plasma) indicate something of 
the rate and direction of exchanges occur- 
ring between cells and plasma, not the 
degree of deficiency of those elements in the 
body at a given time. 


* As commonly used, the words hyperphosphatemia 
and hyperpotassemia apply only to plasma concentra- 
tions. 
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The organic acid-soluble phosphorus 
compounds of the blood cells constitute a 
labile store of phosphorus serving diverse 
functions in the body.”* In constant state of 
flux, synthesized and decomposed through 
reactions of the glycolytic enzyme system, 
the phosphoric esters act as transport sub- 
stances, participating in carbohydrate me- 
tabolism and in the transfer of phosphorus 
for various metabolic purposes; and as intra- 
cellular anions they play an important role 
in the ionic equilibrium of the _ blood. 
Although the total amount of phosphorus 
thus carried in the cells of the blood is small 
compared with the total labile stores of 
phosphorus in the body, the changes found 
in the red cells in different pathologic con- 
ditions offer a valuable index of the state of 
the stores of related labile compounds in 
other tissues. In diabetic coma there is 
always a profound reduction in concentra- 
tion of the phosphoric esters in the red blood 
cells. During the development of and re- 
covery from the acidotic state the direction 
and rate of changes in the organic phos- 
phates in the blood cells give clues to the 
probable sequence of closely related chemi- 
cal changes taking place in other tissues 
which are less easily studied than the blood. 

The total organic acid-soluble phosphorus 
(OASP) of the red cells, normally around 
50 to 60 mg. per 100 cc. of packed cells, is 
made up of approximately 10 mg. adeno- 
sinetriphosphate, 15 mg. hexosephosphates 
and 25 to 35 mg. diphosphoglycerate. These 
phosphoric esters normally constitute a 
considerable part of the intracellular anions. 
Expressed in milliequivalents per liter of 
water, in packed cells, the total average con- 
centration of anions, 175 m.Eq., is com- 
prised of HCO; 17, Cl 74, inorganic phos- 
phate 1, organic phosphates 45 (of which 
the diphosphoglycerate represents about 
30 m.Eq.), hemoglobin 33, and unde- 
termined anion equivalents 5 m.Eq., esti- 
mated by difference. These anions are 
matched by the cations Na 22, K 144 and 
Mg 8 m.Eq. per L. of water. ‘The phosphoric 
esters and hemoglobin together thus com- 
prise -about 78 m.Eq. of non-diffusible 
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anions, which influence the distribution of 
diffusible ions (Cl and HCO;) between the 
cells and plasma according to principles of 
the Donnan equilibrium.”® In various con- 
ditions in which large changes in concen- 
tration of Cl in the blood occur, a reciprocal 
relationship has been observed between the 
concentrations of organic phosphates and 
of chloride in the cells comparable to that 
found between Cl and HCQ; in the plasma; 
e.g., high cellular chloride with low con- 
centrations of organic phosphates in am- 
monium chloride acidosis and in diabetic 
acidosis and, conversely, low cellular chloride 
with high concentrations of organic phos- 
phates following pyloric obstruction, and in 
nephritis with hyperphosphatemia. ”? 

All changes in concentration of the phos- 
phoric esters necessarily hinge upon the 
enzymatic reactions of phosphorylation and 
dephosphorylation in the glycolytic cycle. 
Inorganic P enters this cycle in the phos- 
phorylation of adenylic acid, with the for- 
mation of adenosinetriphosphate (ATP), 
and leaves the cycle when liberated from 
ATP after various intermediate steps of 
transferal in the formation and decomposi- 
tion of hexosephosphate, diphosphoglycer- 
ate and other intermediate compounds. 
Principal factors influencing these trans- 
formations are changes in pH and in 
amounts of substrates available. By experi- 
ments zn vitro it has been shown that pH 
values of 7.4 and above favor synthesis while 
values below 7.3 favor decomposition of the 
phosphoric esters and liberation of inor- 
ganic P from the cells.2® Presumably the 
same effects of changes in pH are operative 
in conditions of severe diabetic acidosis and 
recovery: lowered pH leading to decomposi- 
tion of intracellular organic phosphates and 
to excessive phosphaturia as long as renal 
function is adequate to clear the plasma of 
liberated inorganic phosphates; and normal 
pH values (after correction of acidosis) 
favoring the restoration of the organic 
phosphates. 

Following the withdrawal of insulin in 
diabetic subjects who are prone to develop 
acidosis easily the concentration of phos- 
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phoric esters in the blood cells decreases 
rapidly with the development of keto- 
acidosis. If the duration of acidosis has been 
brief, resumption of insulin injections is 
followed by prompt restoration of the or- 
ganic phosphates within a few hours, with 
correction of the state of acidosis and 
elimination of ketosis. The time relation- 
ships of such changes parallel closely those 
of the urinary losses of phosphorus and 
potassium that have been demonstrated 
during the development of acidosis and the 
retentions of P and K during recovery 
(Atchley, Loeb et al.!8; Butler et al.2® and 
others). That the state of acidosis per se is 
responsible for these changes is indicated by 
the fact that a similar sequence of changes 
may be observed in ammonium chloride 
acidosis: extreme phosphaturia accompany- 
ing a great decrease in concentration of 
organic phosphates in the blood cells during 
periods of administration of NH,Cl; cessa- 
tion of phosphaturia and recovery of normal 
concentration of OASP in the blood cells 
when the NH,CI is stopped.?7 When phos- 
phate losses have been large with prolonged - 
acidosis in cases of severe coma, the restora- 
tion of organic phosphates in the blood 
cells is slow during recovery, lagging con- 
siderably (even for several days) behind the 
correction of ionic equilibrium in the plasma 
and clinical signs of recovery.*”?! 

The transfer of mineral cations between 
cells and plasma is closely linked with the 
enzymatic reactions of phosphorylation. 
Changes in the concentration of organic 
phosphates and of K in the blood cells 
during the development of and recovery 
from diabetic acidosis are closely parallel, 
probably dependent upon common factors: 
low cellular concentrations of organic phos- 
phates and K resulting from decomposition 
of the phosphoric esters in the acidotic 
state and from lack of substrate (either P 
or K or both) for their resynthesis in the 
recovery period. 

The observations made on changes in the 
distribution of phosphorus compounds in 
the plasma and cells of the blood, correlated 
with data from metabolic balance studies, 
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afford a basis for the concept of two phases 
of altered mineral metabolism during the 
development of and recovery from diabetic 
acidosis: a phase of acidosis and dehydra- 
tion, during which losses of both extracellu- 
lar and intracellular ions and fluids occur: 
and a post-acidotic phase during which, 
with restoration of anabolic cellular func- 
tions, the avid uptake of intracellular ions 
by tissue cells results in a depletion of these 
ions in the extracellular fluids. Subnormal 
levels of inorganic P and K in the plasma 
in the recovery period may be ascribed to 
this uptake by the cells rather than to 
urinary excretion at that time as some have 
suggested. 

Hypophosphatemia, characteristic of the 
recovery period, is not attended with 
recognized functional disturbances, but 
severe depletion of serum potassium results 
in the now familiar syndrome of hypo- 
potassemia, as described by Holler** and 
others:***4 generalized muscular weakness, 
paralysis of respiratory muscles and cardio- 
vascular difhculties attended with charac- 
teristic changes in the electrocardiogram. 
Hypophosphatemia and hypopotassemia are 
but two features of a series of postacidotic 
metabolic readjustments which may also 
involve Ca and Mg.** Under other condi- 
tions and in subjects with different nutri- 
tional backgrounds postacidotic readjust- 
ments may lead to manifestations of other 
deficiencies: e.g., tetany as a manifestation 
of hypocalcemia in the postacidotic period 
after diarrheal disease in infants. *° 


THERAPY 


In debates over various schemes for the 
treatment of coma many writers have rightly 
expressed fears of the harm that can be done 
by abuses of practically all of the commonly 
employed procedures. Examples have been 
cited of deaths that followed the adminis- 
tration of excessive amounts of glucose solu- 
tion, alkali, salt solutions and even of insulin. 
Usually these reports lack clear evidence 
that deaths were in fact due to the procedure 
indicted and they do not constitute valid 
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arguments against a more judicious use of 
any of these valuable procedures. In many 
instances it could be claimed that the deaths 
were due to neglect of supportive therapy 
rather than to the specific abuses: e.g., 
failure to correct rapidly increasing acidosis 
by judicious administration of alkali; use ot 
hypertonic glucose solution alone in large 
amounts without adequate salt replace- 
ment; use of large doses of sodium bicarbon- 
ate without adequate treatment with other 
fluids. Some deaths in the _ postacidotic 
period have been due to hypopotassemia, a 
phenomenon only recently appreciated. 

Primary objectives in the treatment of 
coma should be the restoration in the body 
of optimal conditions for functional recovery, as 
well as the supply of materials needed for 
the restoration of normal chemical structure 
of the tissues and fluids. Rules for the treat- 
ment of coma, to be helpful, must be 
flexible, permitting changes of procedure in 
individual cases according to the dictates of 
clinical judgment in evaluating the state of 
each patient, the severity and duration of 
acidosis, coma, hyperpnea and dehydra- 
tion, evidences of recent loss of weight, the 
state of the blood-circulation and the pres- 
ence of infection. ‘Therapeutic procedures 
should be employed with attention to inter- 
relationships existing among their separate 
effects. If treatment is started early in the 
development of the crisis, when ketonemic 
acidosis has been of short duration, the 
administration of insulin alone or with 
moderate amounts of salt solution may be 
sufficient to promote rapid recovery. Then 
the re-establishment of normal fluid and 
electrolyte equilibrium follows natural 
processes of realimentation. Fairly simple 
schemes of treatment®’ have led to good 
results even with severely comatose patients. 
Under critical conditions, however, the use 
of all available procedures for corrective 
therapy and of laboratory studies for their 
control should be carefully considered. 

The following schedule for the treatment 
of coma is offered tentatively as a basis for 
further discussion of guiding principles and 
of current opinions that are held in different 
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centers regarding the use of the respective 
procedures. 

1. Insulin may be administered in most 
cases in moderate doses (30 to 60 units per 
hour in adults, 10 to 20 units in small 
children) given in divided doses at short 
intervals, fifteen to sixty minutes, to assure 
a continuous supply and an overlapping of 
the effects of each dose. In unusual cases of 
insulin resistance larger doses will be 
required. 

1. Parenteral fluid therapy, comprising 
the administration of water, electrolytes, 
glucose, blood: (1) physiologic salt solutions 
given intravenously first (mixed with alkali 
as indicated), in amounts approximating 1 
to 2 per cent of the body weight per hour 
during the first two or three hours, then 
more slowly; (2) alkali, as sodium bicarbon- 
ate or sodium lactate, given with the first 
intravenous fluids, as soon as the degree of 
acidosis is known, in amounts sufficient to 
bring the plasma pH to normal or to raise 
the plasma bicarbonate to around 13 m.Eq. 
per L., or 30 volumes per cent; (3) glucose, 
administered as 5 per cent solution in 
physiologic saline solution or in water, after 
the third to sixth hour of treatment, after 
the correction of acidosis with alkali and 
when the effectiveness of insulin is assured 
but without waiting for the blood sugar to 
fall to normal or hypoglycemic levels; (4) 
potasstum and phosphate salts, administered 
cautiously intravenously or by mouth, after 
four to six hours, four doses of KCl, 1 Gm. 
each, hourly, anticipating hypopotassemia 
and cellular needs for replenishment in cases 
where severe depletion is suspected or 
known; (5) whole blood or plasma transfusions, 
indicated in cases with anemia, persistent 
circulatory collapse and shock, anuria. 

11. Vitamin preparations, especially of 
the B-complex, given in parenteral fluids 
and with oral realimentation. 

1v. Chemotherapy, started promptly in 
the presence of infections. 

v. Feeding by mouth should be started 
as early as possible, as soon as vomiting has 
ceased. 
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PROCEDURES 


Insulin. ‘There is unanimous agreement 
that insulin should be administered at once 
when the diagnosis of diabetic acidosis is 
made. But opinions differ widely on the 
dosage that should be employed during the 
first hours of treatment, as well as on the 
use of supportive treatment which may 
influence the effectiveness of insulin. Root 
and co-workers** recommend high initial 
doses of insulin, usually 100 units, with 300 
or 500 units extra if the blood sugar is above 
600 or 1000 mg. per 100 cc., to be followed 
by repeated doses at intervals depending 
on the results of clinical and laboratory 
tests. Among recommendations for the 
routine use of high doses perhaps the most 
extreme is that of Micks*® who, claiming to 
follow Root’s teaching, recommended an 
initial dose of 100 units for patients in pre- 
coma, 500 units for patients in true coma, 
followed by 100 units given (intravenously) 
every fifteen minutes until the appearance 
of clinical signs of improvement. Mick’s 
scheme is like Root’s in that the adminis- 
tration of insulin is accompanied only by 
intravenous perfusion of salt solution (4 to | 
6 L.) in the first few hours, with no glucose 
‘until the blood sugar is low,’’ and with no 
alkali used to correct the acidosis. This 
article elicited an editorial in the same 
journal*® calling attention to the dangers 
from hypoglycemia likely to be incurred by 
such a procedure, also a note by Lawrence‘! 
expressing objections and citing his own 
satisfactory experiences in treating patients 
‘‘in severe pre-coma’”’ with total dosage of 
124 to 196 units in divided doses during 
sixteen to twenty-four hours. 

Dangers of damage to the central nervous 
system by the effects of large doses of insulin 
must be borne in mind; although those who 
recommend large doses in the treatment of 
coma generally discount this possibility, 
trusting that the administration of glucose 
will arrest the progress of any deleterious 
reactions. Yannet‘*”** found that large doses 
of insulin in cats led to demonstrable dam- 
age to the brain, with loss of potassium. 
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This effect was only partly attributable to 
hypoglycemia per se as larger doses produced 
more damage without notable differences 
in the degree or duration of hypoglycemia. 


Overdosage with insulin may have other » 


unfavorable effects not entirely disclosed 
by blood sugar levels. Somogyi* has pointed 
out that there are two phases in the action 
of insulin when given in a dosage sufficient 
to provoke hypoglycemia. In the first, ex- 
cessive ketogenesis is arrested as liver glyco- 
gen increases and glycogenolysis is inhibited; 
in the second, with hypoglycemia, ketone 
formation increases as liver glycogen is 
again depleted by increased glycogenolysis. 
Thus during recovery from coma, after the 
elimination of ketosis there may be a “‘para- 
doxical’’ reappearance of ketonuria depend- 
ent upon the development of hypoglycemia. 
While such ketonuria is usually mild, 
secondary effects may be important. Mobili- 
zation of liver glycogen involves the libera- 
tion of potassium to plasma*® which may 
add to the instability of potassium metab- 
olism in this critical period of recovery. 
Haste in the administration of very large 
doses of insulin merely to reduce the blood 
sugar quickly seems futile, considering the 
fact that varying degrees of hyperglycemia 
“cannot be correlated with the severity of 
acidosis or the depth of narcosis in comatose 
patients. Maximum effectiveness of insulin 
in the reduction of ketosis may depend more 


upon supportive measures than upon the | 


speed with which the blood sugar level is 
reduced. 

Parenteral Fluids. Intravenous therapy 
is directed primarily to the correction of 
abnormalities in the extracellular fluids 
and to secure improvement in the circulat- 
ing blood volume, secondarily to promote 
intracellular processes of recovery. There 
seems to be no valid reason for the use of 
the subcutaneous route for the administra- 
tion of fluids except difficulty in venipunc- 
ture, and this difficulty should be rare. 
Fluid under the skin serves no useful purpose 
until it is absorbed into the circulation, and 
absorption is slowest in the patients with 
poorest circulation in whom the immediate 
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need for fluids to improve the blood volume 
is most urgent. In the regulation of dosage 
a working rule followed in our pediatric 
service is that the total volume of all fluids 
administered parenterally in the first eight- 
een to twenty-four hours of treatment may 
amount to between 10 and 15 per cent of 
the body weight, but with intravenous per- 
fusion at the rate of 1 to 2 per cent of the 
body weight per hour during the first two 
or three hours. Intravenous perfusions should 
be discontinued promptly when the urine 
becomes ketone-free or nearly so and when 
fluids are taken well by mouth, trusting nat- 
ural processes of realimentation to complete 
the restoration of metabolic equilibrium. 

Salt Solutions. Practically all schemes for 
parenteral fluid therapy provide first for 
generous amounts of physiologic salt solu- 
tion, usually 2 to 4 L. in adults, adminis- 
tered rapidly in the first few hours to cover 
primary extracellular needs for rehydration — 
and continued at a slower rate in combina- 
tion with glucose or with other salts. 

Alkali. ‘There are widely divergent dif- 
ferences of opinion on the advisability of 
administering sodium bicarbonate or sodium 
lactate for the correction of acidosis in the 
treatment of coma. Among those who object, 
some merely maintain that such therapy is 
unnecessary since the gradual elimination 
of ketosis by insulin leads to an increase of 
plasma bicarbonate without the addition of 
sodium. Others insist that it is potentially 
dangerous, citing cases in which the ad- 
ministration of alkali to raise the plasma 
bicarbonate from acidotic levels to normal 
was followed by states of severe alkalosis 
later in the recovery period; or, worse, 
cases in which severe alkalosis was induced 
when large doses of sodium bicarbonate 
were employed to “‘treat”” acetonuria under 
the mistaken idea that acetonuria neces- 
sarily means acidosis. But, as many others 
have pointed out, the fact that overdosage 
of a drug can be harmful is not a contra- 
indication to its more judicious use to 
secure a desired effect. Arguments favoring 
rapid correction of acidosis by the adminis- 
tration of alkali in one form or another may 
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be based on evidence, already discussed, 
that low plasma pH values are associated 
with increased tissue catabolism, break- 
down of intracellular phosphorus com- 
pounds and losses of P and K in the urine. 
A recent report*® of metabolic studies on 
diabetic subjects in severe acidosis and 
during recovery, treated with insulin, saline 
and glucose solutions, states that “‘potasstum 
continued to pour out of cells throughout these 
earlier hours of therapy.’’ Losses of P and K in 
the urine that continue during the early 
hours of treatment may be ascribed to un- 
corrected acidosis. As early as 1922 Camp- 
bell*’ maintained that the administration of 
sodium bicarbonate in combination with 
the newly developed insulin therapy was 
desirable because it accelerated recovery 
from severe acidosis. 

There is reason to believe that the action 
of insulin in the treatment of coma is in- 
hibited by conditions of ketonemic acidosis 
and is favored by the administration of 
alkali. Kirk*® described two cases of coma 
precipitated by infection and omission of 
insulin in which there was failure of re- 
sponse to initial doses of insulin. Admitted 
to the hospital in a pre-comatose state, 
drowsy but conscious, both patients rapidly 
became more comatose and more acidotic 
after the start of treatment with insulin and 
intravenous perfusion of salt solution. The 
administration of sodium bicarbonate solu- 
tion was followed immediately by recovery 
of consciousness and by symptomatic im- 
provement before more insulin was given. 
Both patients responded normally to subse- 
quent moderate doses of insulin. 

A report by Shephard‘? offers an interest- 
ing comparison with the one just cited. 
Shephard reported a case of severe coma, 
with treatment guided by Muick’s recom- 
mendations,*® in which 56,000 units of 
insulin were administered in_ twenty-six 
hours. A thirty-two year old man, previously 
taking 42 units of insulin a day, abruptly 
went into acidosis and coma when, with a 
cold, he did not eat and omitted his insulin. 
Deeply comatose when admitted to the 
hospital he failed to respond to 1,000 units 
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of insulin given in the first ten hours. 
Progressively larger doses were given, to a 
total of 56,080 units in twenty-six hours, 
after which time the blood sugar fell to 
24 mg. per 100 cc. and he developed con- 
vulsions. Recovery followed the administra- 
tion of glucose. The patient was discharged 
after a few days, again receiving only a 
moderate dosage of insulin for daily control. 
It seems likely (to this reviewer) that in this 
case the existing conditions of severe acidosis 
could account for the ineffectiveness of the 
insulin and that correction of the acidosis 
with alkali might have favored earlier 
effectiveness of the insulin. 

Conditions of keto-acidosis may interfere 
with metabolic readjustments that are set 
in play by insulin apart from its blood- 


_ sugar-lowering effects. A report by Hedon*® 


in 1927 describing dramatic effects of the 
administration of sodium bicarbonate to a 
diabetic dog in severe acidosis and coma is 
especially interesting in this connection. 
The dog had been maintained in good con- 
dition by injections of insulin for thirteen 
months after pancreatectomy. When insulin 
was withheld, the animal quickly developed 
intense glycosuria, polyuria, thirst, loss of 
weight, increasing ketosis and went into 
complete coma on the fifth day. Injections 
of insulin failed to revive the dog. After 
several hours acidosis was apparently in- 
creasing (blood COs decreased to 11 
volumes per cent) and the dog appeared 
moribund although the hyperglycemia was 
reduced and glycosuria ceased. Intravenous 
injections of sodium bicarbonate solution 
were followed within a short time by signs 
of revival. After four hours when the blood 
CO, had risen to 35 volumes per cent, the 
dog walked across the laboratory in search 
of food. With continuation of the usual 
injections of insulin complete recovery 
followed. 

More compelling arguments for the use 
of alkali may be found in the report by 
Kety et al.’* that in comatose patients 
lowered pH of the blood was closely corre- 
lated with depression of cerebral oxygen 
metabolism, which proved to be an im- 
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portant prognostic index of mortality. 
These investigators demonstrated that the 
arterial blood pH in comatose patients 
could be brought quickly to normal by 
intravenously injected doses of sodium 
bicarbonate just sufficient to raise the 
blood CO, content by only 10 or 15 volumes 
per cent. They point out that since large 
doses are not necessary to bring the pH to 
normal, much of the objection against the 
intravenous use of alkalis in the treatment 
of coma can be met. 

If the factor of acidosis, lowered pH of the 
body fluids, is recognized as a critical one 
in tissue damage that increases with the 
duration of coma, its early correction appears 
to be one of the most important steps in 
rational therapy. But when correction of 
acidosis is practised, dosage should be care- 
fully controlled. Continuous administration 
of alkalizing solutions (e.g., mixtures of 
sodium chloride and sodium lactate) has not 
infrequently led to the development of 
alkalosis and edema during the recovery 
period. Formulas employed for the calcula- 
tion of dosage of alkali®' are based princi- 
pally on that of Van Slyke,®? assuming that 
administered sodium bicarbonate will be 
distributed in fluids constituting 0.7 L. for 
each Kg. of body weight. Although the use 
of this formula (essentially empiric in 
derivation) has been criticized on theoretic 
grounds,”® it proves an extremely valuable 
aid for estimating amounts of alkali required 
to correct acidosis to within a range selected 
as desirable in a given case and to avoid 
overdosage. In our hospital we use the 
following formulas for estimating amounts 
of sodium bicarbonate (preferred) or sodium 
lactate required to raise the plasma CO, con- 
tent to between 10 and 15 m.Eq. per L., or to 
between 20 and 30 volumes per cent: 

1. To raise the plasma CQO, content 1 
m.Eq./L., give 0.058 Gm. of NaHCO; 
or 4.2 cc. of M/6 Na-lactate solution, 
per Kg. of body weight. 

2. To raise the plasma COz 1 volume per 
cent, give 0.026 Gm. NaHCQ; or 1.8 cc. 
of M/6 Na-lactate per Kg. of body 
weight. 
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Glucose. Current discussions on the use 
of glucose in the treatment of coma are 
mainly concerned with the time at which 
its intravenous administration should, be 
started. All authorities agree that glucose 
should be administered after the first four 
to six hours when the blood sugar is falling 
to normal levels or below, although there 
is less agreement as to the amounts and 
manner of its administration after that time. 
Only a few pertinent points in the con- 
troversies that have been waged on this 
subject in the past need be recalled here. 

Objections to the early administration of 
glucose have been based principally on 
claims that at hyperglycemic levels glucose 
is toxic, it injures islet cells of the pancreas, 
causes hepatic and renal damage, has been a 
precipitating cause of coma and neutralizes 
insulin action. Some of the arguments of- 
fered in favor of the early administration of 
glucose are: that prior to treatment of coma 
there is a considerable carbohydrate deficit 
which should be covered by energetic re- 
placements; that carbohydrate starvation 
can aggravate the diabetic state; that with 
liver glycogen exhausted the total amount of 
available glucose in the body is not large 
despite hyperglycemia; that hypoglycemia 
should not be allowed to develop during 
insulin therapy because hypoglycemia ac- 
celerates glycogenolysis, again increasing 
ketogenesis; and that hyperglycemia favors 
hepatic glycogenesis and abolition of ketosis 
under certain conditions in diabetic sub- 
jects. The arguments and counterarguments 
on each of these points may be found in 
articles by Root,*® Joslin et al.,?° Peters,** 
Soskin,* Mirsky,** ‘Tolstoi,*’ Franks et al.*° 
and Lee et al.*® 

The physiologic evidence suggesting that 
early and generous administration of glucose 
in the treatment of coma would be beneficial 
appears to be sound. Nevertheless, a number 
of investigators have reported unfavorable 
results from this procedure in the treatment 
of severely comatose patients. ‘Two widely 
separated groups of investigators®** com- 
pared the behavior of patients receiving 
perfusions of glucose solution during the 


, 
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first four to six hours of treatment with that 
of patients receiving only saline solutions 
during the same period, carrying out essen- 
tially the same treatment in all of the pa- 


tients after the initial period. Both groups 


report that the early administration of 
glucose solutions led to prolonged hyper- 
glycemia, excessive diuresis, interfered with 
rapid rehydration and appeared to increase 
mortality significantly. In the interpretation 
of these reports it may be surmised that it 
was the diuretic effect of the glucose solu- 
tions that had unfavorable consequences, 
not any specific ill effect of the glucose itself 
within the body. Hypertonic solutions of 
glucose tend to aggravate diuresis more 
than isotonic solutions. In a series of cases 
of coma studied on the medical wards of the 
Cincinnati General Hospital the intrave- 
nous perfusion of 10 per cent glucose solution 
has been found to provoke severe diuresis, 
with urinary output sometimes nearly equal 
to the volume of fluids administered.*’ 

In the critical period just after the start 
of treatment, while acidosis persists and 
intracellular elements “‘continue to pour 
out of the cells’“* into the plasma, any 
procedure leading to increased diuresis may 
be expected to increase the loss of electro- 
lytes in the urine. The extra loss of elec- 
trolytes induced by increased diuresis, even 
for a short period, may indeed be just 
sufficient to influence mortality. Excessive 
diuresis at this time is likely to have more 
deleterious effects than later, after acidosis 
has been corrected and insulin promotes 
anabolic readjustments in the cells. If this 
speculation is valid, the reports that have 
been cited constitute an additional reason 
for the early administration of NaHCO; to 
correct acidosis quickly, as a step to precede 
the start of glucose therapy. Evidence of ill 
effects of the perfusion of glucose solutions 
during the first hours of treatment should 
not be allowed to detract from the validity 
of arguments favoring the generous ad- 
ministration of glucose later. 

Multtelectrolyte Therapy: Potassium, phos- 
phates, etc. Numerous formulas have been 
devised for fluids that provide in different 
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ways for the correction of acidosis and for 
the supply of intracellular as well as the 
extracellular A basic ap- 
proach to this problem has been to employ 
mixtures of sodium chloride and sodium 
bicarbonate, or of sodium chloride and 
sodium lactate, to provide an excess of Na 
over Cl such as exists normally in extracellu- 
lar fluids of the body, with other elements 
added according to different indications or 
opinions as to needs. Hartman employed a 
modified lactate-Ringer’s solution to supply 
small amounts of K, Ca and Mg in addition 
to Na; in 1929 he added more potassium 
but this formula was temporarily abandoned 
‘“‘because sometimes the richer potassium 
solution seemed toxic.’’®! Interest in potas- 
sium therapy has, of course, been greatly 
stimulated by Darrow’s studies on potassium 
metabolism in diarrheal disease of infants ® ® 


and by many recent reports on the post- 


acidotic hypopotassemia syndrome, which 
emphasize the significance of potassium 
deficits that had long been known to exist 
in diabetic acidosis. 

With attention focused on phosphorus 
metabolism, Guest and Rapoport demon- 
strated that the administration of Na and K 
phosphates intravenously and by mouth 
hastened the restoration of normal concen- 
trations of phosphoric esters in the blood 
cells of patients and experimental subjects 
during their recovery from ammonium 
chloride acidosis, from the acidosis of diar- 
rheal disease in infants and from diabetic 
acidosis. ?”"3%%! We employed the Sgrensen 
M /7.5 buffer solution, of pH 7.4, containing 
NasHPO, 15.2 Gm. and KH2PO, 3.6 Gm. 
per L., with concentrations of Na and K, 
respectively, 214 and 26 m.Eq. per L. In the 
treatment of diabetic coma in adult patients 
this solution was perfused intravenously in 
amounts up to a liter, in combination with 
insulin, physiologic salt solution, sodium 
bicarbonate for partial correction of acidosis 
and glucose. Concentrations of organic acid- 
soluble P in the blood cells of these patients 
rose quickly to normal in less than twenty- 
four hours in contrast to the slow rise lasting 
four to seven days observed in other patients 
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similarly treated but without the phosphate 
solution. Concentrations of inorganic P and 
K in the plasma fell sharply in the earlv 
hours of treatment. The concentration of K 
in the cells rose closely in parallel with 
the increasing concentration of organic 
phosphates. 

In 1948 Franks and co-workers described 
effects of the administration of a buffered 
solution of sodium phosphates in sixteen 
cases of severe diabetic acidosis, comparing 
the results with those observed in control 
subjects with fluid therapy limited to salt 
and glucose solutions.** They reported that 
‘“‘the administration of sodium phosphate 
was accompanied with a tendency toward 
improved utilization of carbohydrate, a rise 
in plasma chloride and in carbon-dioxide 
combining power, an apparent retention of 
fluid in the vascular system, a rapid clearing 
of the mental state and a statistically signifi- 
cant decrease in fatality rate.’ They con- 
cluded that the therapeutic regimen in 
diabetic coma should include parenteral 
administration of sodium phosphate four 
to eight hours after the first dose of insulin. 

Butler and co-workers recently estimated 
the total electrolyte deficit of a volunteer 
subject going into severe acidosis following 
the withdrawal of insulin and during re- 
covery.” On the basis of the metabolic 
balance data thus obtained they devised a 
formula for use in fluid and electrolyte 
replacement therapy that includes sodium 
lactate, potassium chloride, potassium phos- 
phate and sodium chloride: 30 m.Eq. of 
Na, 20 m.Eq. of K, 22 m.Eq. of Cl, 5 m.Eq. 
of phosphate and 20 m.Eq. of lactate per L. 
in a solution of 5 per cent glucose. This 
approach seems logical but, as these in- 
vestigators themselves state, before such 
therapy can be applied quantitatively more 
information is needed. 

In addition to metabolic data on total 
losses of electrolytes in acidosis and on the 
eventual uptake of electrolytes by the body 
during recovery, there is need for more 
knowledge of the conditions that determine 
the changing ability of the tissue cells to 
assimilate various materials that are offered. 
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The transfer of potassium and phosphate 
ions to cells is not so much dependent on 
their concentration in the plasma as upon 
enzymatic processes, which in turn are 
subject to the influence of changing condi- 
tions in the body fluids. 

There is abundant evidence that the 
depleted body recovering from .diabetic 
acidosis, given the right conditions, is 
capable of taking up large quantities of 
intravenously injected potassium salts with- 
out an abnormal rise in concentration of 
potassium in the plasma. Howard and 
Carey® mention an instance in which 35 
Gm. of KCl (467 m.Eq. of K) were injected 
into a patient in eighteen hours and less 
than 100 m.Eq. appeared in the urine. On 
the other hand, deaths have occurred from 
the incautious administration of much 
smaller amounts. All investigators studying 
this problem caution against the dangers of 
hyperpotassemia arising if solutions of 
potassium salts are administered too rapidly 
or too early in the treatment of coma, when 
the plasma potassium level is elevated, espe- 
cially in the presence of renal impairment. 

In the treatment of severely comatose 
patients when even without complete chem1- 
cal studies the need for potassium is reason- 
ably certain, it seems desirable and safe to 
administer 1 Gm. of KCl each hour for four 
doses, as now practiced in a number of 
centers. The first dose may be started at 
around the fourth hour of treatment, after 
acidosis has been partially corrected by the 
administration of sodium bicarbonate and 
when insulin is becoming increasingly ef- 
fective. Since relatively small amounts of 
KCl have afforded prompt relief of severe 
symptoms of respiratory paralysis, as in 
Holler’s original case, conservative dosage 
of this sort should suffice in most cases to 
prevent any acute manifestation of potas- 
sium deficiency. The time at which minimal 
corrective therapy is offered, if properly 
directed to hegotiate each critical phase in 
coma and recovery, may be more important 
than speed in the replenishment of total 
deficits. After a patient has successfully 
passed through the critical early period of 


644 


recovery further restoration of the body 
stores and a more normal nutritional state 
can be accomplished efficiently by oral 
feeding. 

Whole Blood and/or Plasma. The prob- 
lems of the restoration of circulating blood 
volume in the treatment of severe coma with 
circulatory collapse are similar to those en- 
countered in the treatment of surgical shock. 
When acidosis has been of short duration 
and dehydration abrupt, in patients whose 
previous nutritional state was good, hemato- 
crit values and concentrations of plasma 
protein are apt to be high, indicating hemo- 
concentration. In such cases the administra- 
tion of salt solution serves adequately to 
restore the circulating plasma volume. But 
if the concentration of plasma protein is 
normal or low at the start of treatment, it 
may fall sharply with dilution and the 
perfused salt solution may tend to leave 
the circulation. In such circumstances, and 
in any case if the blood pressure does not 
respond to the administration of saline 
fluids, whole blood or plasma transfusions 
should be administered promptly. This 
need is encountered more frequently in 


older patients than in young adults, rarely 


in children, in our experience. 

Vitamins. Several factors of the vitamin 
B-complex (thiamine, riboflavin, niacin) 
are essential to the enzyme systems involved 
in carbohydrate metabolism. Although there 
is no reason to believe that vitamin defi- 
ciencies are concerned in the etiology of 
diabetes, mutually aggravating factors can 
be defined in the metabolic disturbances of 
co-existent diabetes and avitaminosis.®® 
Vitamin deficiencies in diabetic subjects 
lead to increased needs for insulin; on the 
other hand, the stimulation of carbohydrate 
metabolism by the administration of insulin 
and glucose in the treatment of coma 
abruptly increases the body’s needs for the 
vitamins. A diabetic crisis, coma and 
recovery may precipitate frank manifesta- 
tions of avitaminosis in subjects with previ- 
ously unrecognized deficiency states, with 
symptoms usually blossoming during periods 
of increased food intake and rapid gain of 
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weight. Hence, it is a well justified common 
practice in many clinics to administer multi- 
vitamin B preparations with intravenous 
fluids during the treatment of coma and to 
continue generous amounts by mouth, sup- 
plementing realimentation in the recovery 
period. Inasmuch as phosphorylation of the 
vitamins into active forms in the body may 
be slow in diabetic acidosis,® it has been 
suggested that the use of phosphorylated 
preparations (when available) might be 
more quickly effective. Boulin, Uhry and 
co-workers?“ and Markus and Meyer?” have 
reported the use of a crystalline preparation 
of thiamine-pyrophosphate (cocarboxylase) 
in the treatment of coma. These authors 
offer the thesis that an important disturb- 
ance of carbohydrate metabolism in diabetic 
coma is involved at a stage in the Krebs 
tricarboxylic acid cycle in which insulin is 
not involved but cocarboxylase is essential 
for the conversion of pyruvate; that the 
difficulty at this stage accounts for the find- 
ing of high blood-pyruvate levels in diabetic 
coma and that slowing of the disposal of 
pyruvate interferes with other phases of 
carbohydrate metabolism in which insulin 
is involved. They claim for the scheme of 
treatment in which cocarboxylase was em- 
ployed (100 mg. cocarboxylase plus 10 mg. 
riboflavin) some reduction in the duration 
of coma and a considerable reduction in 
total requirements for insulin (in a small 
series of ten patients) compared with results 
previously obtained in the same clinic. 

The Prevention of Dhtabetic Acidosis and 
Coma. Under any system of diabetic con- 
trol, whether with rigid regimentation of a 
‘‘prescribed-diet-aglycosuric regimen,” or 
with liberal rules of the so-called ‘‘free-diet- 
glycosuric regimen,”’ instructions for home 
management should emphasize unceasingly 
the signs of impending trouble to which the 
patients (or parents of young diabetics) 
should be alert: excessive diuresis, loss of 
weight and acetonuria. Rapidly increasing 
ketonuria is the most dependable sign 
heralding the incipient development of a 
diabetic crisis, more dependable than glyco- 
suria as an index of the physiologic state of 
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the liver with regard to its glycogen store 
and cellular metabolism. Frequent testing 
of the urine for acetone should be an essen- 
tial part of any scheme for self-management. 
Use of the convenient acetone-test powders ® 
that are now commercially available makes 
this test easy, the least onerous task of the 
patient’s daily routine at home or elsewhere. 

It is especially urgent that tests of the 
urine for acetone be done during any illness, 
whether mild or severe, with respiratory and 
gastrointestinal infections, diarrhea, vomit- 
ing, fever, the contagious diseases of child- 
hood, etc.; also, at times of physical injuries, 
unusual excitement, emotional stress. When 
acetonuria is discovered under any of these 
circumstances, extra insulin should be taken 
promptly. The development of a crisis can 
be more easily arrested by extra doses of 
insulin when acetonuria first appears than 
later when the progressive development of 
acidosis involves factors that diminish the 
effectiveness of insulin. 


REFERENCES 


1. Wuite, P. and Waskxow, E. Arteriosclerosis in 
childhood diabetes. Proc. Am. Diabetes A., 8: 139, 
1948. 

2. AxELRop, A. R., Lose, S., ORTEN, J. M. and Myers, 
G. B. Insulin resistance. Ann. Int. Med., 27: 555, 
1947. 

3. SmELO, L. S. Insulin resistance. Proc. Am. Diabetes A., 
8: 75, 1948. 

4. Sosxin, S. and Levine, R. Carbohydrate Metab- 
olism. Chap. 21, p. 247. Chicago, 1946. Uni- 
versity of Chicago Press. 

5. ZiLveRsMiT, D. B., Cuarxorr, I. L., FELLER, D. D. 
and Masoro, E. J. Oxidation of glucose labelled 
with radioactive carbon by normal and alloxan- 
diabetic rats, 7. Biol. Chem., 176: 389, 1948. 

6. Mirsky, I. A., FRaANzBiau, A. N., NEtson, N. and 
Netson, W. E. Diabetes mellitus. The role of 
excessive carbohydrate intake in the etiology of 
diabetic coma. 7. Clin. Endocrinol., 1: 307, 1941. 

7. Rapoport, S., West, C. D. and Bropsxy, W. A. 
Excretion of solutes and osmotic work during 
osmotic diuresis of hydropenic man. The ideal and 
the proximal and distal tubular work; the bi- 
ological maximum of work. Am. 7. Physiol., 157: 
363, 1949. 

8. StapreE, W. C., Zapp, J. A., JR. and Lukens, F. D. 
W. Effect of insulin upon ketone metabolism of 
normal and diabetic cats. 7. Biol. Chem., 132: 423, 
1940. 

9. Stapie, W. C. Fat metabolism in diabetes mellitus. 
JF. Clin. Investigation, 19: 843, 1940. 

10. Cuarxorr, I. L. and Sosxin, S. The utilization of 
acetoacetic acid by normal and diabetic dogs 


NOVEMBER, 1949 


645 


before and after evisceration. dm. 7. Physiol., 87: 
58, 1928. 

11. Netson, N., GRAyYMAN, I. and Mirsky, I. A. The 
utilization of acetone bodies. rv. The relation 
between concentration and the rate of 6-hydroxy- 
butyric acid utilization by the rat. 7. Biol. Chem.., 
140: 361, 1941. 

12. Kety, S. S., Pos, B. D., Napier, C. S. and 
ScumipT, C. F. The blood flow and oxygen con- 
sumption of the human brain in diabetic acidosis 
and coma. 7. Clin. Investigation, 27: 500, 1948. 

13. ATcHLEY, D. W., Logs, R. F., RicHarps, D. W., Jr., 
BenepicT, E. M. and Driscortrt, M. E. On dia- 
betic acidosis: a detailed study of electrolyte 
balances following withdrawal and _ reestablish- 
ment of insulin therapy. 7. Clin. Investigation, 12: 
297, 1933. 

14. Pitts, R. F. and ALEXANDER, R. S. The renal reab- 
sorptive mechanism for inorganic phosphate in 
normal and acidotic dogs. Am. 7. Physiol., 142: 
648, 1944. 

15. Rapoport, S. Hyperosmolarity and _ hyperelec- 
trolytemia in pathologic conditions of childhood. 
Am, 7. Dis. Child., 74: 682, 1947. 

16. Baker, T. W. A clinical survey of one hundred and 
eight consecutive cases of diabetic coma. Arch. Int. 
Med., 58: 373, 1936. 

17. Owens, L. B. and Rockwerwn, S. Prognosis in dia- 
betic coma: basic importance of mental state. 
Am. 7. M. Sc., 198: 252, 1939. 

18. Ditton, E. S. and Dyer, W. W. Factors influencing 
the prognosis in diabetic coma. Ann. Int. Med., 11: 
602, 1937. 

19. Josuin, E. P., Root, H. F., Wuite, P. and MarsLe, 
A. Diabetic coma. 7. A. M. A., 119: 1160, 1942. 

20. Jostin, E. P., Root, H. F., Wuire, P., MARBLE, A. 
and Baitey, C. C. The Treatment of Diabetes 
Mellitus. Philadelphia, 1946. Lea and Febiger. 

21. Napier, C. S., BELLET, S. and LaANninc, M. In- 
fluence of the serum potassium and other elec- 
trolytes on the electrocardiogram in diabetic 
acidosis. Am. 7. Med., 5: 838, 1948. 

22. Goranson, E. S. Reduced synthesis of phospho- 
creatinine in tissue homogenates from alloxan 
diabetic rats. Federation Proc., Am. Physiol. Soc., 8: 
58, 1949. 

23a. BOUCKAERT, J. P. and pe Duve, C. The action of 
insulin. Physiol. Rev., 27: 39, 1947. 

236. LuNDSGAARD, E. Muscle and insulin metabolism. 
Proceedings, 2nd _ International Congress of 
Therapeutics, Brussels, Belgium, June 10-11, 
1949. (Unpublished.) 

24a. Boutin, R., UHry, P., MEYER, F. W. and Bonrits, 
S. Essai de traitement du coma diabétique en 
fonction des données biochimiques du metab- 
olisme des glucides. Presse méd., 57: 689, 1949. 

246. Markus, S. and Meyer, F. W. Die Therapie des 
Coma diabeticum mit Cocarboxylase. Schweiz. 
med. Wchnschr., 1949 (in press). 

25. Guest, G. M. and Rapoport, S. Organic acid- 
soluble phosphorus compounds of the blood. 
Physiol. Rev., 21: 410, 1941. 

26. Guest, G. M. and Rapoport, S. Role of diphospho- 
glycerate and other organic acid-soluble phos- 
phorus compounds of the red blood cells in the 
electrolyte equilibrium of the blood. American 


. 


646 


27 


28. 


29. 


30. 


31. 


32. 


33. 


35. 


36. 


37. 


42. 


43. 


45. 


Association for the Advancement of Science, 
Symposium, Blood, Heart and Circulation. No. 
13, pp. 55-60. New York, 1940. Science Press. 

Guest, G. M. and Rapoport, S. Role of acid- 
soluble phosphorus compounds in red blood cells 
in experimental rickets, renal insufficiency, pyloric 

- obstruction, gastroenteritis, ammonium chloride 
acidosis and diabetic acidosis. Am. 7. Dis. Child., 
58: 1072, 1939. 

Rapoport, S. and Guest, G. M. The decomposition 
of diphosphoglycerate in acidified blood: its rela- 
tionship to reactions of the glycolytic cycle. 7. 
Biol. Chem., 129: 781, 1939. 

Butter, A. M., Tarsot, N. B., Burnett, C. H., 
STanBuRY, J. B. and MacLacuian, E. A. 
Metabolic studies in diabetic coma. Jr. A. Am. 
Physicians, 60: 102, 1947. 

Guest, G. M. Organic phosphates of the blood and 
mineral metabolism in diabetic acidosis. Am. 7. 
Dis. Child., 64: 401, 1942. 

Guest, G. M. and Rapoport, S. Electrolytes of 
blood plasma and cells in diabetic acidosis and 
during recovery. Proc. Am. Diabetes A., 7: 97, 
1947. 

Ho.iier, J. W. Potassium deficiency occurring 
during the treatment of diabetic acidosis. 7. A. 
M. A., 131: 1186, 1946. 

Nap.er, C. S., Betret, S., Dmton, E. S. and 
LaNnnING, M. Studies on the serum potassium in 
diabetic acidosis. Proc. Am. Diabetes A. (In press.) 


. FRENKEL, M. Groen, J. and WILLEBRANDS, A. F. 


Low potassium level during recovery from dia- 
betic coma. Arch. Int. Med., 80: 728, 1947. 

Martin, H. E. and Wertman, M. Serum potassium, 
magnesium and calcium levels in diabetic acidosis. 
Jj. Clin. Investigation, 26: 217, 1947. 

Rapoport, S., Dopp, K., CLarx, M. and Sy.vy, I. 
Post-acidotic state of infantile diarrhea: symptoms 
and chemical data. Am. 7. Dis. Child., 73: 391, 
1947. 

Atay, T. P., Swirt, K. and Totsto1, E. Treatment 
of diabetic acidosis and diabetic coma. 7. A. M. A., 
129: 863, 1945. 


. Root, H. F. The use of insulin and the abuse of 


glucose in the treatment of diabetic coma. 7. A. 
M, A., 127: 557, 1945. 


. Micxs, R. H. Diabetic coma. Brit. M. 7., 2: 200, 


1948. 


. Editorial. Modern views on diabetes. Brit. M. 7., 2: 


209, 1948. 


. Lawrence, R. D. and Oakey, W. Diabetic coma 


Brit. M. 7., 2: 310, 1948. 

YANNET, H. Effect of prolonged insulin hypoglyce- 
mia on distribution of water and electrolytes in 
brain and in muscle. Arch. Neurol. & Psychiat., 42: 
237, 1939. 

YANNET, H. Experimental study of pathogenesis of 
cerebral changes following prolonged insulin 
hypoglycemia. Arch. Neurol. & Psychiat., 42: 395, 
1939. 


. Somocyt, M. Effects of insulin upon the production 


of ketone bodies. 7. Biol. Chem., 141: 219, 1941. 
Fenn, W. O. The role of potassium in physiological 
processes. Physiol. Rev., 20: 377, 1940. 


. GREENMAN, L., MaTEER, F. M., Gow, R. C., PETERs, 


J. H. and Danowsk1, T. S. Some observations on 


47. 


50. 


51. 
52. 


53. 


54. 


55. 


56. 


61. 


62. 


63. 


64. 


Diabetic Coma—Guest 


the development of hypokaliemia during therapy 
of diabetic acidosis in juvenile and young diabetic 
subjects. 7. Clin. Investigation, 28: 409, 1949. 

CampPpBELL, W. R. Ketosis, acidosis and coma treated 
by insulin. 7. Metab. Research, 2: 605, 1922. 


. Kirk, E. Isotonic sodium bicarbonate solution in 


diabetic coma. Lancet, 1: 505, 1939. 


. SHEPPARD, J. G. H. A case of diabetic coma treated 


with 56,000 units of insulin. Brit. M. 7., 1: 576, 
1949. 

Hepon, M. E. La survie du chien totalement dépan- 
créaté traité par l’insuline et les effets de l’inter- 
ruption du traitement. 7. de phystol. et de path. gén., 
25: 1, 

HarTMAN, A. F. and ErGanNiAN, J. Treatment of 
diabetic acidosis. 7. Pediat., 31: 274, 1947. 

Van S.tykE, D. D. Acidosis and alkalosis. Bull. New 
York Acad. Med., 10: 103, 1934. 

Peters, J. P. Starvation diabetes, the reason for the 
use of glucose in the treatment of diabetic acidosis. 
Yale 7. Biol. G Med., 17: 705, 1945. 

Mirsky, I. A. The etiology of diabetic acidosis. 
Proc. Am. Diabetes A., 1: 51, 1941. 

Franks, M., Berris, R. F., Kaptan, N. O. and 
Myers, G. B. Metabolic studies in diabetic 
acidosis. 1. The effect of the early administration 
of dextrose. Arch. Int. Med., 80: 739, 1947. 

Leg, J., Namoo, D. and Torrens, J. A. Diabetic 
coma: treatment with and without the early 
administration of glucose. Brit. M. 7., 1: 565, 
1949. 


. Know es, H. Personal communication. 
. Burnett, C. H. and Burrows, B. A. Repair solutions 


in the treatment of metabolic acidosis and alkalo- 
sis. M. Clin. North America, 32: 1293, 1948. 


. SPRAGUE, R. G. Diabetic acidosis and coma. M. 


Clin. North America, 31: 445, 1947. 


. BuTLer, A. M. and Tacsor, N. B. Parenteral fluid 


therapy. New England 7. Med., 231: 585-590, 
621-628, 1944. 

Darrow, D. C. The pharmacopeia and the physi- 
cian: treatment of dehydration, acidosis and 
alkalosis. 7. A. M. A., 114: 655, 1940. 

Darrow, D. C. The retention of electrolyte during 
recovery from severe dehydration due to diar- 
rhea. 7. Pediat., 28: 515, 1946. 

Govan, C. D. and Darrow, D. C. The use of 
potassium chloride in the treatment of the de- 
hydration of diarrhea in infants. 7. Pediat., 28: 
541, 1946. 

Franks, M., Berris, R. F., Kaptan, N. O. and 
Myers, G. B. Metabolic studies in diabetic 
acidosis. m. The effect of the administration of 
sodium phosphate. Arch. Int. Med., 81: 42, 1948. 


. Howarp, J. E. and Carey, R. A. The use of 


potassium in therapy. 7. Clin. Endocrinol., 9: 691, 
1949. 


. Guest, G. M. Nutrition in diabetes mellitus. Nutrition 


Rev., 4: 321, 1946. 


. Vi_TER, R. W., Vitter, S. P. and Spies, T. D. 


Determination of the codehydrogenases 1 and 1 
(cozymase) in the blood of diabetics in severe 
acidosis. Am. 7. M. Sc., 197: 322, 1939. 


. Dumm, R. M. and Suiptey, R. A. The simple esti- 


mation of blood ketones in diabetic acidosis. 7. 
Lab. & Clin. Med., 31: 1162, 1946. 


AMERICAN JOURNAL OF MEDICINE 


48 
4S 
= 
34 
57 
58 
5 
60 
4 
4 
= 
65 
6 6 
67 
44 
6 


Clinical Studies 


Changes in the Volume of the Plasma, 
Interstitial and Intracellular Fluid Spaces 
During Hydration and Dehydration in 
Normal and Edematous Subjects* 


SAMUEL E. LEARD, M.D. and Epwarp D. FREIs, M.D. 
Boston, Massachusetts 


ECENT investigations indicate that 
both the plasma volume’ and the 


intracellular fluid space®*’ are re- 
sponsive to changes in hydration. These 
observations are in opposition to the concept 
that the “losses of extracellular fluid from 
the vascular compartment caused by ab- 
normal circumstances are observed to be 
immediately replaced at the expense of 
interstitial fluid.’’® 
The present investigation was undertaken 
to determine the extent of the contribution 
of each fluid compartment to the gain or 
loss of total body water during states of 
excessive hydration or dehydration in nor- 
mal subjects and after diuresis in edematous 
patients. In addition changes in the hema- 
tocrit and plasma protein concentration 
were assessed as to their reliability in 
predicting changes in plasma volume during 
fluctuations in hydration. 


MATERIAL AND METHODS 


The normal subjects were young adult males 
admitted to the wards of the Evans Memorial 
Hospital for treatment of uncomplicated latent 
or primary syphilis. All subjects were afebrile 
and exhibited no cardiovascular or renal ab- 
normalities. The edematous patients comprised 
a heterogeneous group with various diagnoses. 
(Table 1.) 

Immediately following control determinations 


in both normal and edematous subjects, dehy- 
dration was carried out by instituting a regimen 
of fluid restriction to 1,000 cc. daily, a diet 
containing a total of 0.8 Gm. of sodium per day 
and administration of 6 Gm. of ammonium 
chloride daily. On the evening of the fourth 
day 2 cc. of mercuhydrin were injected intra- 
venously and the experimental observations 
were repeated on the morning of the fifth day. 

Excessive hydration was produced in nor- 
mal subjects by administering daily doses of 
25 Gm. of sodium chloride orally and 10 mg. of 
desoxycorticosterone acetate intramuscularly 
for a period of five days with fluids and diet 
ad libitum. Control determinations were accom- 
plished immediately prior to the institution of 
this regimen, and experimental observations 
were carried out on the morning of the fifth 
day. In three of these subjects 2 cc. of mercu- 
purin were injected intravenously on the eve- 
ning of the fifth day followed by a further series 
of experimental observations on the morning 
of the sixth day. 

The methods used for determining plasma 
volume, plasma protein, hematocrit value and 
‘thiocyanate space’? have been previously 
reported® except that in the edematous patients 
a period of six rather than two hours was 
allowed for equilibration of thiocyanate. The 
thiocyanate space represents the total volume 
in which thiocyanate is distributed, including 
the plasma, red cells and interstitial fluid. 
Although thiocyanate measures a larger space 
than that actually occupied by the extracellular 
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other 


methods available to 


clinical medicine, such as the chloride and 


sodium spaces, 


suffer from similar disad- 


substances during acute experiments probably 
represent gains or losses of extracellular fluid. 
Because of the simplicity of the thiocyanate 


TABLE 
THE CHANGES IN PLASMA VOLUME AND TOTAL EXTRACELLULAR (AVAILABLE) FLUID FOLLOWING 
HYDRATING, AND DEHYDRATING PROCEDURES IN NORMAL INDIVIDUALS AND IN PATIENTS 

| WITH DISTURBED WATER BALANCE 


Plasma Volume 


Available Fluid 
(cc.) 


(cc.) 


Plasma Volume 


| | Change|| 
Subject) Age | Diagnosis Procedure Available Fluid 
| | Gain | _ Gain Change 
Before) After | or Before After or 
Loss | Loss 
D. 20 | Primary syphilis Dehydration* | 2970 | 2760 | —210); 20,250) 19,250; —1000 21 
E. L. 28 | Primary syphilis | Dehydration* | 3590 | 2490 | —1100/ 20,200) 17,800; —2400 . 46 
J. G. 23 | Latent syphilis Dehydration* | 2820 | 2240 | —580/ 19,800} 19,200 — 600 .97 
V. B. 23 | Primary syphilis | Dehydration* | 3300 | 2960 | —335) 17,250) 15,900}; —1350 .25 
— 555 — 1340 47 
72 | Hypertension, Dehydration t | 3450 | 2775 | —675| 34,600} 16,650} —17,950 .04 
cardiac failure 
D. E. 40 | Cirrhosis, ascites | Dehydrationf | 4940 | 4700 | —240/ 34,200) 28,500; —5700 .04 
B. G. 58 | Hypertension, Dehydrationf | 3090 | 2695 | —315} 33,400) 14,700) —18,700 .01 
Paget’s disease, 
cardiac failure 
C. F. 74 | Chronic Dehydration f | 4270 | 3580 | —690)| 29,400) 22,900} —6500 11 
nephritis, 
cardiac failure 
— 480 — 12,210 .05 
W. S. 24 | Primary syphilis | Hydration tf 2820 | 3420 | +600) 21,500} 24,800} +3300 .18 
R. L. 37 | Latent syphilis Hydration { 3010 | 3600 | +590} 21,650) 28,100) +6450 .09 
E. N. 31 | Primary syphilis | Hydration { 3330 | 3690 | +360) 17,400) 20,800} +3400 11 
A. L. 30 | Primary syphilis | Hydration ft 3120 | 3690 | +570) 19,400) 24,800; +5400 11 
+525 + 4640 .12 
R. L. 37 | Latent syphilis Dehydration§ | 3600 | 3000 | —600} 28,100; 22,500; —5600 11 
E.N. 31 | Primary syphilis | Dehydration§ | 3690 | 3260 | —430) 20,800) 16,450} —4400 .10 
A. L. 30 | Primary syphilis | Dehydration$ | 3690 | 2945 | —745|24,800| 17,250; —7550 .10 
| — 410 — 5850 .10 
| 


* Normal subjects dehydrated with low sodium diet, NH,Cl and mercuhydrin. 
+t Edematous patients dehydrated with low sodium diet, NH,Cl and mercuhydrin 
{ Normal subjects hydrated with excess sodium chloride and desoxycorticosterone acetate. 


§ Normal subjects previously hydrated as in{ acutely dehydrated with single dose of mercuhydrin. 
|| This value expresses the per cent gain or loss of total extracellular (available) fluid contributed to by the change 


in the plasma volume. 
(Mean values in italics.) 


vantages. !° 
elements which all of these electrolytes enter 
change in volume very slowly, the changes 
observed in the volume distribution of such 


Furthermore, 


since the cellular 


method, it has greater advantage in clinical 


studies than other methods. Until such time as 
practical and accurate measurements of extra- 
cellular fluid volume are devised, the methods 
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used in this study must suffice with the realiza- 
tion that they are at best crude indicators of 
quantitative changes. 

The difference between the changes in the 
thiocyanate space and the plasma volume after 
hydration or dehydration represented the 
changes in the interstitial fluid space. Because 
of the absence of methods of determining the 
intracellular fluid space directly in man, the 
difference between the change in body weight 
in Kg. and the thiocyanate space in L. was 
used to calculate the change in intracellular 
fluid volume. It was assumed that since these 
patients were not acutely ill their food intake 
and tissue breakdown were relatively constant 
during the experiment and therefore the 
changes in weight represented almost entirely 
changes in total body water. Further, the 
experimental periods were never greater than 
five days. Again, the changes observed in 
intracellular fluid space should be considered 
as representing approximate rather than precise 
numerical values. 

All determinations were carried out in the 
morning with the patient in the postabsorptive 
state, resting supine in a warm room for at least 
one-half hour prior to drawing the first blood 
samples; venipunctures were accomplished 
with minimal stasis. After these determinations 
were completed the arterial pressure was 
recorded with an arm cuff and the subjects were 
weighed on a beam balance accurate to +2 Gm. 


RESULTS 


Relative Changes in Plasma Volume and 
Interstitial Fluid Space. When four normal 
subjects were dehydrated by the method 
just described, the mean decrease in plasma 
volume was 555 cc. (range 210 to 1,100 cc.) 
while the mean reduction in total extra- 
cellular (thiocyanate) space was 1,340 cc. 
(range 600 to 2,400 cc.). Thus the plasma 
volume contributed an average of 47 per 


cent of the decrease in total extracellular 


fluid (range 21 to 97 per cent). 

In the four edematous patients subjected 
to the same regimen of dehydration the 
plasma volume contributed only 4 to 11 per 
cent (mean 5 per cent) of the decrease in the 
thiocyanate space. The absolute decrease of 
240 to 690 cc. (mean 480 cc.) in plasma 
volume was approximately the same as in 
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the normal subjects but the reduction in 
the thiocyanate space was almost ten times 
as great (Table 1) ranging from 5,700 to 
18,700 cc. with a mean of 12,210 cc. 

When four normal subjects were overly 
hydrated with an excess of salt and desoxy- 
corticosterone acetate, the thiocyanate space 
increased by 3,300 to 6,450 cc. (mean 
4,640 cc.). Again the mean increase in 
plasma volume of 527 cc. (range 360 to 600 
cc.) gained during excessive hydration was 
quite similar in amount to the mean de- 
crease in plasma volume during dehydra- 
tion. However, due to the apparently 
marked gain in interstitial fluid the increase 
in plasma volume made up only 9 to 19 per 
cent (mean 12 per cent) of the change in 
the total extracellular (thiocyanate) space. 

When three normal subjects thus exces- 
sively hydrated were subjected to a sudden 
diuresis by an intravenous administration 
of mercupurin, the plasma volume and 
thiocyanate space decreased in almost exact 
proportion as they had increased. As a 
result the plasma volume contributed 10 
to 11 per cent of the decrease in the “total 
extracellular space,’’ in contrast to the much 
greater percentage contribution made by 
the plasma volume when normally hy- 
drated individuals were dehydrated. (Table 
I.) 

Relative Changes in Total Extracellular and 
Intracellular Fluid Spaces. ‘The four normal 
subjects who were dehydrated by the 
regimen just described lost 0.6 to 2.4 L. of 
fluid (mean 1.3 L.), from the total extra- 
cellular (thiocyanate) space. (Table 1m.) 
During this period the loss of body weight 
ranged from 2.1 to 2.9 Kg. with a mean of 
2.6 Kg. Since 1 L. of fluid weighs 1 Kg., 
the difference between the amount of 
weight loss in Kg. and the total extracellular 
fluid loss in L. was taken to represent ap- 
proximately the change in intracellular 
fluid space. Calculated thus the intracellu- 
lar fluid space decreased by 0.5 to 2.2 L. 
(mean 1.2 L.). The proportion of total 
body water loss contributed by the total 
extracellular fluids varied from 22 to 83 per 
cent (mean 52 per cent), the remainder 


« 
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presumably being made up from the 
intracellular fluid space. 

In edematous patients similar dehydrat- 
ing procedures produced far greater drains 
in extracellular fluid. The thiocyanate space 
decreased by 5.7 to 18.7 L. (mean 12.2 L.) 


the body weight decreased by the lesser 
amount of 14.9 Kg. In the remaining pa- 
tients the intracellular losses of 2.0 to 4.75 
L. were slightly greater than the decreases 
in the non-edematous normal individuals. 
However, due to the greater changes in 


TABLE II 
CHANGES IN TOTAL EXTRACELLULAR (AVAILABLE) FLUID AND BODY WEIGHT FOLLOWING HYDRATING 
AND DEHYDRATING PROCEDURES IN NORMAL INDIVIDUALS AND IN PATIENTS 
WITH DISTUREFED WATER BALANCE 


Body Weight 
(Kg.) Calculated : 
Available Fluid Intracellular | Available Fluid Change { 
Subject Gain or Loss Fluid Gain or Body Weight Change 
Gain Liters || Loss 
Before After or (L.) 
Loss 
J. D.* 70.2 —2.5 —1.0 —1.5 0.40 
65.7 62.8 —2.9 —2.4 —0.5 0.83 
»G.*° 74.4 71.6 —2.8 —0.6 —2.2 0.22 
V. B.* 62.5 60.4 —2.1 —1.35 —0.75 0.64 
Mean —2.6 —1.3 —1.3 0.52 
D. J.t 63.2 40.5 —22.7 —17.95 —4.75 0.79 
D. E.t 84.6 76.9 —7.7 —5.7 —2.0 0.74 
B. G.t 51.4 36.5 —14.9 —18.7 +3.8 1.26 
C. O.t 75.2 66.1 —9.1 —6.5 —2.6 0.72 
Mean —13.6 —12.2 —1.4 0.88 
W. S.t 72.4 75.5 +3.1 +3.3 —0.2 1.06 
R. L.t 80.2 84.0 +3.8 +6.45 —2.65 1.70 
E. N.t 61.2 63.9 +2.7 +3.4 —0.7 1.26 
A. L.f 72.6 75.8 +3.2 +5.4 —2.2 1.68 
Mean +4.6 —1.9 1.67 
R L.§ 84.0 79.2 —4.8 —5.6 +0.8 1.17 
E. N.§ 63.9 60.6 —3.3 —4.4 +1.1 1.33 
A.L.§ 75.8 72.1 —7.55 +3.85 2.04 
Mean —3.9 —5.85 +1.9 ~1.13 


* +, t, §, same notations as in Table 1. 
|| Values derived from Table 1. 
{| Expresses the per cent of weight gain or loss contributed by the change in total extracellular (available) fluid. 


while body weight decreased by 7.7 to 
22.7 Kg. (mean 13.6 Kg.). The total extra- 
cellular (thiocyanate) space contributed 
72 to 126 per cent (mean 88 per cent) of the 
change in total body water. (Table um.) In 
patient B. G., Table u, almost 4 L. of fluid 
appeared to move into cells since the 
thiocyanate space decreased 18.7 L. while 


the thiocyanate space in the edematous 


patients, the proportionate loss of intra- 
cellular fluid averaged only 22 per cent of 
the total body water as contrasted to 48 per 
cent in the normal subjects. 

The excessive hydration produced in 
normal subjects by administration of salt 
and desoxycorticosterone acetate appeared 
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to result in a movement of fluid out of the 
intracellular into the extracellular space. 
Thus, whereas the mean increase in the 
thiocyanate space was 4.6 L. (range 3.3 to 
5.45 L.) the mean increase in body weight 
was only 3.2 Kg. (range 2.7 to 3.8 Kg.). 
The apparent decrease in intracellular 
fluid, therefore, averaged 1.9 L. with a 
range of 0.2 to 2.65 L. 

However, when mercuhydrin was ad- 
ministered intravenously to these overly 
hydrated subjects, the fluid shifts were such 
as to restore within twelve hours the ap- 
proximate pretreatment control conditions. 
In the three subjects studied the mean 
decrease in thiocyanate space was 5.85 L. 
(range 4.4 to 7.55 L.) and body weight was 
3.9 Kg. (range 3.3 to 4.8 Kg.), an apparent 
mean gain in intracellular fluid volume of 
1.9 L. (range 0.8 to 3.85 L.). Thus mercu- 
purin appeared to be a specific antagonist 
of the salt and desoxycorticosterone acetate 
effect. 

Relation of Changes in Hematocrit Value and 
Plasma Protein Concentration to Changes in 
Plasma Volume. ‘To calculate the change in 
plasma volume from the hematocrit values 
the following formula was used: 


H, — He 


APV = 
H.(1 


APV represents the change in plasma 
volume, H;, the original hematocrit and Hz 
the hematocrit value following dehydration 
or hydration. The ratio of the per cent 
change in plasma volume as determined 
by the dye method to the per cent change 
as calculated from the hematocrit values 
varied from unity by 0.4 to 2.12 (mean 
0.93, S.D.0. 24). The correlation coefficient 
calculated from the equation 


2X1X2 
V( 2x1?) (2x2”) 


was 0.49. Thus, although the change in 
hematocrit value indicated the directional 
change in plasma volume in every instance, 
it failed to determine quantitative change 
accurately. 
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The ratio of the per cent change in 
plasma volume to the per cent change in 
Dlasma protein varied from unity by 0.5 to 
1.6 (mean 1.3, S.D. 0.18). The correlation 
coefficient was 0.68. The change in plasma 
protein concentration, therefore, seemed to 
indicate the degree of plasma volume 
change more accurately than the hemato- 
crit. However, the agreement was not 
sufficiently close to warrant quantitative 
estimation. 

Changes in Arterial Pressure. In the de- 
hydrated subjects no significant changes in 
arterial pressure were noted in the supine 
position although one patient complained 
of faintness in the erect position following 
diuresis.'! In all of the normal subjects who 
were given salt and DCA in excess, the 
supine mean arterial (one-half the sum of 
the systolic and diastolic) pressure rose 
slightly, the mean rise being 10.6 per cent 
(range 6.7 to 15.2 per cent). 


COMMENTS 


_ The results of this investigation suggest 
that neither the plasma volume nor the 
intracellular fluid volume are static under 
conditions of changing hydration. During 
dehydration in normal subjects approxi- 
mately 25 per cent of the loss of total body 
water was contributed by the plasma 
volume, 25 per cent by the interstitial fluid 
and 50 per cent by the intracellular fluid. 
Mellers, Muntwyler, Meutz and Abbot? 
also observed a marked reduction of plasma 
volume in dogs who were dehydrated by 
various procedures including the intra- 
peritoneal injection of 5 per cent glucose, 


starvation and the production of pan- 


creatic fistulas. | 

In contrast, similar dehydrating pro- 
cedures in patients with gross edema pro- 
duced a loss of total body water of which 
approximately 5 per cent was supplied by 
the plasma volume, 85 per cent by the 
interstitial fluid and 10 per cent by the 
intracellular fluid. However, despite the 
smaller percentage changes of plasma and 
intracellular fluid volumes the absolute 
amount of fluid loss from these compart- 
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ments usually was approximately the same 
in both the normal and the edematous 
subjects, the difference in proportion being 
due to the far greater absolute losses of 
interstitial fluid in the edematous patients. 
It is evident that with the greater diuresis 
in edematous as contrasted to normal 
individuals the plasma volume must con- 
tribute a smaller percentile loss to the fluid 
depletion of edematous subjects in order to 
prevent excessive hemoconcentration. 
When normal subjects were overly hy- 
drated with excess salt and desoxycortico- 
sterone acetate, the interstitial fluid took 
up relatively large amounts of water. As a 
result the plasma volume gain averaged 
only 12 per cent of the increase in total 
extracellular (thiocyanate) space although 
the absolute increase in plasma volume was 
similar in amount to the reduction occur- 
ring during dehydration of normal subjects. 
The intracellular fluid volume appeared to 
decrease during this period, with an average 
shift of almost 2 L. of fluid from the intra- 
cellular to the extracellular space. A similar 
fluid shift following desoxycorticosterone 
acetate has been noted previously by Loeb 
and his associates’? in a patient with 
Addison’s disease. Also a slight decrease in 
the intracellular water of muscle tissue 
after desoxycorticosterone acetate adminis- 
tration has been observed in dogs by 
Harkness and his associates.* In addition, 
they noted considerable replacement of 
intracellular potassium with sodium. It 
should be noted that the apparent decrease 
in intracellular fluid space presumes that 
the distribution of thiocyanate is the same 
after as compared to before DCA. 
However, it is possible that the thiocyanate 
ion may penetrate cells to a greater extent 
after DCA, due to possible changes in 
cellular permeability produced by the drug, 
with the result that the shift of fluid from 
the cells to the interstitial compartment 
would be more apparent than real. 
Following the injection of mercuhydrin, 
there appeared to be a specific reversal of 
this DCA effect, with a _ “return of 
plasma volume, thiocyanate space and body 
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weight to approximate pretreatment values. 
These changes toward normal indicated 
an apparent shift back into the intracellular 
space of the fluid previously lost to the 
extracellular compartment. 

Although the plasma volume and intra- 
cellular fluid space appeared to fluctuate 
in both normal and edematous patients 
with changes in hydration, the absolute 
amount of change in these fluid compart- 
ments appeared to be relatively constant 
under the varied conditions of these ex- 
periments. The mean decrease in plasma 
volume with dehydration in normal sub- 
jects agrees closely with the plasma volume 
reductions observed by Lyons, Avery and 
Jacobson’ in a similar experiment while the 
mean increase in plasma volume in overly 
hydrated patients is in good agreement with 
the increases of plasma volume observed by 
Clinton and Thorn‘ who also produced 
excessive hydration in normal individuals 
with DCA. While such uniformity may 
be fortuitous, it suggests that relatively 
constant fractions of the plasma volume and 
possibly the intracellular fluid space are 
able to shift during changes in hydration. 
It is possible that greater changes in plasma 
and intracellular fluid volume would occur 
only under more drastic conditions than 
those induced during these studies.? 

However, the interstitial fluid space ap- 
peared to take up relatively large amounts 
of fluid, and once having taken up an 
excess appeared to contribute a larger share 
to the diuresis resulting from dehydrating 
procedures. Thus beyond certain limits the 
interstitial fluid space appeared to ‘‘spare”’ 
the plasma and intracellular fluid volumes. 
This relatively great capacity of the inter- 
stitial fluid space was not apparent, how- 
ever, in the dehydrated normal patients. 
Although the degree of dehydration was 
not excessive in these experiments, the fact 
that clinically the hematocrit may rise to 
high values during dehydration suggests 
that the ability of the interstitial fluid space 
to spare plasma volume is not as great 
during severe dehydration as it is during 
excessive hydration. | 


AMERICAN JOURNAL OF MEIDCINE 


Fluid Shifts in Hydration and Dehydration—Leard, Freis 


The changes in the hematocrit value and 
plasma protein concentration reflected quali- 
tatively rather than quantitatively the 
fluctuations in plasma volume and would 
seem to have value clinically only as rough 
guides to the directional changes in plasma 
volume. Since in the absence of hemorrhage 
the red cell volume is relatively stable, it 
appeared somewhat surprising that the 
hematocrit change should be less accurate a 
measure of plasma volume shifts than the 
change in plasma protein concentration. 
However, since the hematocrit value differs 
in the small as contrasted to the large 
vessels, '* the venous blood samples do not 
measure accurately the total body hemato- 
crit. Further, it is possible that some redis- 
tribution of the fluid and cellular elements 
of the blood may occur under conditions of 
changing body hydration. 


SUMMARY AND CONCLUSIONS 


Determinations of plasma volume (T- 
1824), thiocyanate space, body weight, 
hematocrit value and plasma protein con- 
centration carried out before and after 
hydrating and dehydrating procedures in 
man revealed that: 

1. During acute dehydration produced 
by salt and fluid restriction plus ammonium 
chloride and mercupurin in four normal 
subjects the plasma volume and interstitial 
fluid space each contributed approximately 
25 per cent of the total weight loss. By 
inference the intracellular fluid apparently 
contributed 50 per cent of the loss. 

2. During similarly induced dehydration 
in four edematous patients the interstitial 
fluid compartment contributed approxi- 
mately 85 per cent, the plasma volume 
approximately 5 per cent and the intra- 
cellular fluid space 10 per cent of the body 
water loss. 

3. The greater percentage loss of total 
extracellular fluid in the edematous as 
contrasted with the normal subjects was 
due to the greater absolute amount lost 
from the interstitial fluid space in the 
edematous patients. The absolute loss of 
plasma and intracellular fluid volumes 
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was essentially similar in the edematous 
and normal individuals. 

4. During excessive hydration of four 
normal subjects with salt and desoxy- 
corticosterone acetate there was a propor- 
tionately great increase in interstitial fluid 
volume, a proportionately less increase in 
plasma volume and an apparent shift of 
fluid from the intracellular to the extra- 
cellular compartment. Mercuhydrin ap- 
peared to reverse this abnormal distribution 
of body water after DCA. 

5. The absolute amounts of gain or loss 
from the plasma volume and the calculated 
intracellular fluid space were relatively | 
constant under the conditions of these 
experiments, the proportionate differences 
being accounted for by the lability of the 
interstitial fluid space. 

6. The per cent changes in hematocrit 
value and plasma protein concentration 
during these studies indicated qualitatively 
but not quantitatively the per cent changes 
in plasma volume. 
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Insulin Mixtures* 


Experiences in the Use of Extemporaneous Bottle Mixtures in 
Diabetic Clinic Patients 


BerT H. WIesEL, M.D., A. BANKSTON RISER, M.D. and STANLEY S. KAHN, M.D.T 


Birmingham, Alabama 


HE principle of prolonged action has 

been the basis of a number of refine- 

ments in the management of dia- 
betes mellitus since the introduction of 
protamine zinc insulin in 1935. The latent 
period after injection soon proved to be the 
major defect in the mechanics of this insulin 
although it is of no importance in the milder 
cases requiring up to 40 units of insulin 
daily tc produce a normal fasting blood 
sugar. In the severer diabetics there is either 
a postprandial hyperglycemia, particularly 


after breakfast, or frequent early morning | 


hypoglycemia when the insulin dosage is 
increased to avoid this. ‘These diabetics must 
then be given additional unmodified insulin 
for its immediate effect, as well as prota- 
mine zinc insulin which controls the morn- 
ing blood sugar. Satisfactory control for a 
number of diabetics could be achieved only 
by two or more injections of insulin daily 
with greater care being required to avoid 
untoward side effects. 

Attempts to develop a preparation with 
the depot action of protamine zinc insulin 
combined with the immediate effect of 
unmodified insulin were the logical result. 
Several reports on the injections of the two 
insulins in combination appeared, but it 
was not until 1941 that Ulrich! pointed out 
that thorough mixing was necessary to 
achieve predictable results. He found that 
the excess protamine was utilized to pro- 
duce more long-acting insulin and that 
less than one part of regular insulin to one 


part protamine produced no change in 
action of the mixture. Equal parts or more of 
unmodified insulin resulted in a preparation 
with characteristics of both types, and he 
showed that a 3:2 mixture controlled post- 
prandial glycosuria. This most promising 
innovation was investigated in more detail 
by a number of other workers, and the 
time-activity and approximate proportion- 
ate insulin contents of different mixtures 
were worked out.” * Other modifications 
have been investigated, but extemporane- 
ous mixtures modified to fit the needs of the 
individual patient seem to have the most 
established usefulness. 

The routine of management of diabetes 
mellitus in the Diabetic Clinic of the 
Medical College of Alabama must be 
gauged to the low educational and economic 
level of the clinic population. Until 1944 
severe diabetics were treated with large 
doses of protamine zinc insulin and a post- 
prandial spill was tolerated. Very few of 
the patients were capable of following a 
regimen of rigid diet and multiple doses of 
unmodified insulin with a single dose of 
protamine zinc insulin. Despite simplifica- 
tion of diet and a minimum of insulin 
injections, cooperation was poor and epi- 
sodes of acidosis and insulin reactions were 
far too frequent. In 1944 a cautious trial 
of insulin mixtures was begun in those 
patients presenting the greatest problems 
in control. It was found almost at the outset 
that mixing of the insulins in a syringe as 


* From the Diabetic Clinic, Department of Medicine, The Medical College of Alabama, A Division of The University 
of Alabama, Birmingham, Ala. | 
t Presently at Department of Nutrition, Harvard School of Public Health, Boston, Mass. 
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described in all of the published reports at 
that time was too complex a procedure in 
this type of individual. For this reason the 
first patients were hospitalized and given 
standardized mixtures prepared in_ the 
syringe in this manner. They were then 


TABLE I 
GUIDE FOR MIXING INSULIN 
Bottles Insulin E 
Prescribed Per Bottle sand Final 
Mixture Amount 
of 
Regu-| pz] Regu-) pz] Regular| PZI Mixture 
lar lar 
1 1 Sce. cc. 0 0 20 cc. 
3:2 2 1 6cce. |4cc. |+2cc. cc. 30 cc. 
2:1 2 1 6.5 cc.) 30 cc. 
7:3 2 1 7cce. |3cce. i+1 cc. 30 cc. 
3:1 2 1 7.5 cc.2.5 cc.;—2.5 ce. +2.5cc., 30 cc. 


changed over to a mixture of the same 
proportion prepared in a bottle. Mixtures 
prepared in amounts up to 1,600 units at 
one time gave no clinical results apprecia- 
bly different from that expected of those 
prepared in the syringe, and after some 
experience patients were changed directly 
from protamine zinc insulin or a combina- 
tion of insulins to a premixed preparation. 
During the course of this study a report 
appeared which confirms our finding that 
after the original changes occur in mixing 
-the insulin no further alteration in action 
is apparent due to the time elapsing before 
the insulin is used." 

All patients on insulin mixtures were 
given one of the standard clinic diets. 
These consist of moderately high carbo- 
hydrate allowances in the following pro- 
portions: 

1,280 calories, 120 Gm. CHO 
1,510 calories, 150 Gm. CHO 
1,750 calories, 165 Gm. CHO 
1,900 calories, 180 Gm. CHO 
2,000 calories, 200 Gm. CHO 


The diet outline is presented in household 
measures, and each patient keeps a note- 
book which is checked by the dietitian at 
every clinic visit. Additions or subtractions 
are made to these standard diets as excess 
weight or physical activity may indicate. 
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Fasting blood sugar and urinalysis are 
obtained at each visit, and a blood sugar 
level of 90 to 130 mg. per cent is taken to 
indicate satisfactory control. The insulin 
prescription is prepared and the clinic 
nurse mixes the insulin for the patient 


TABLE Il 
252 CONSECUTIVE REGISTRATIONS OF DIABETIC CLINIC 
PATIENTS 
Sex Race 
No. % of Mean 
vel Total A 
ale | male Mel ored 
Diet alone..... 33 13 3 30 7 26 51 
PZI only...... 151 60 40 111 55 96 53.4 
PZI plus regular 1 0.4 1 0 1 0 | 65 
Mixtures....... 67 26.6 25 42 32 35 36.5 
252 69 183 95 157 48.7 


during the visit in amounts calculated to 
last until the next appointed visit. 

All precautions are taken to avoid con- 
tamination. Sterile empty insulin bottles 
are available to facilitate mixing without 
excessive transferring of the material. The 
nurse responsible for mixing the insulin is 
guided by a chart which has been prepared 
for this purpose. (Table 1.) Care is taken 
that the syringes are freshly sterilized and 
the bottle tops are thoroughly cleansed 
with alcohol. The proper amount of insulin 
is withdrawn from a new vial containing 
10 cc. The other type insulin is then added 
as indicated, care being taken first to 
withdraw the proper amount of air so that 
excessive foaming does not occur. Excess 
insulin which results is kept and used to 
make up a deficit in a later mixing. One 
or two extra vials of insulin ensure the 
prevention of any waste at all. 

Twenty-four-hour urine specimens are 
not obtained but in some cases it has been 
possible to have the patient record urinalyses 
for sugar three times daily. If a patient 
suffers from numerous reactions or if there 
is persistent hyperglycemia, hospitalization 
is instituted. 

An analysis of 252 consecutive clinic 
registrations is presented in Table u. The 
thirty-three patients controlled on diet 
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alone represent 13 per cent of the group 
with a mean age of fifty-one years. Prota- 
mine zinc insulin given as one injection in 
the morning before breakfast is employed 
in 151 cases or 60 per cent of the total, the 
mean age being 53.4 vears. Only one 


TABLE 
ANALYSIS OF PATIENTS ON INSULIN MIXTURES 


Mix- | Total | % of Fe- sacs Mean : D 
ture | No. | Total male Age | ge 
1:1 28 41.8 10 18 17 11 34.9 | 59.7 
3:2 1 1.5 1 0 0 1 30 65 
2:1 27 40.3 10 17 15 12 37.7 | 69.9 
7:3 7 10.4 3 4 0 7 39.8 | 68 
3:1 4 6.0 1 3 0 4 35.2 | 62.5 
Total} 67 Pee 25 42 32 35 36.5 | 64.9 


patient received supplementary unmodified 
insulin injections in addition to depot 
insulin. ‘he patients with the more severe 
cases that in the past have had to have 
such treatment are included in the group 
of sixty-seven patients given insulin mix- 
tures. This represents 26.6 per cent of the 
patients with a mean age of 36.5 years. 
The marked difference in the mean age of 
those on mixtures as compared with those 
on protamine alone or diet is illustrative 
of the younger, more severe diabetics 
requiring the mixture. The clinic popula- 
tion as a whole is pictured in this tabula- 
tion. The greater proportion of colored to 
white patients illustrates the composition 
of the clinic population of a southern 
charity out-patient department. 

Table m1 presents an analysis of the sixty- 
seven patients receiving mixtures, all using 
premixed bottle mixtures. The greatest 
group, twenty-eight cases or 41.8 per cent, 
are on a 1:1 mixture with a mean dosage 
of 59.7 units. The next largest group is that 
given two parts of unmodified insulin to 
one part of protamine zinc. There were 
twenty-seven patients on this 2:1 mixture 
representing 40.3 per cent with a mean 
dosage of 69.9 units. This difference in 
total dosage is probably significant and is 
in keeping with the experience of others 
who find that the greater the total dosage, 
the greater the requirement of unmodified 
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insulin in proportion to protamine. Other 
ratios are used much less frequently, but 
any proportion may be mixed to suit the 
demands of the individual patient. © 

There has been no attempt to obtain a 
control group by keeping a part of the 
group on protamine and supplementary 
unmodified insulin, mainly because of the 
previous difficulties encountered in this 
method of treatment. It is possible to com- 
pare the behavior of patients with records 
of several years of treatment prior to being 
placed on bottle mixtures. Three cases 
representative of satisfactory results are 
briefly presented: 


CASE REPORTS 


CaseE1. H. T., aged twenty-two, was a negro 
male. This patient was admitted October 15, 
1942, at which time diabetes was diagnosed. He 
was discharged after being given 60 units of 
protamine zinc insulin. On October 16, 1943, 
he was re-admitted in diabetic acidosis. Fifty 
units of protamine zinc insulin was the dose on 
discharge. Control remained generally unsatis- 
factory and on July 10, 1947, he was re-ad- 
mitted for standardization and discharged on 
65 units of a 2:1 mixture. He has required no 
admission since this date and control has been 
more satisfactory. | 

CasE ul. S. I., aged forty-four, was a negro 
male. Diabetes was diagnosed elsewhere in 1924 
or 1925, and he was first seen in the clinic on 
July 24, 1945. He was placed on 80 units of 
protamine zinc insulin daily and remained on 
this dosage until March 29, 1946, during which 
time his blood sugar ranged from 96 to 310 mg. 
per cent. He was then placed on 65 units of a 
7:3 mixture which was gradually decreased to 
45 units. His blood sugars have ranged from 
60 to 180 mg. per cent with one exception; 
there have been no severe reactions or hospital 
admissions. 

Case 11. E. M. B., aged eighteen, was a 
negro female. Diabetes was diagnosed in 1935, 
and treatment with insulin was begun elsewhere 
in 1936. She was first seen in the clinic on 
March 20, 1945, and given 40 units of prota- 
mine zinc insulin twice daily. On September 6, 
1945, she was admitted in mild acidosis. She 
was placed on a 2:1 mixture on September 20th 
and was discharged using 90 units of a 2:1 
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mixture. On October 18, 1945, she was changed 
to a 7:3 mixture. She was re-admitted to the 
hospital on December 29, 1945, in acidosis 
accompanying acute tonsillitis. Upon discharge 
she was given a 1:1 mixture, 90 units in divided 
doses, morning and evening. In June, 1947, 
elective tonsillectomy was performed, and she 
was discharged taking 100 units of a 2:1 mixture 
given in one daily morning dose. She did so 
well that she lapsed in her clinic visits after 
December, 1947, and was not seen again until 
April 14, 1948, when she was admitted to the 
hospital with polyarthritis, hypertension and 
mild acidosis. Since her discharge, she has been 
well regulated on a dosage of 95 units of a 
2:1 mixture. 


Some of the patients show poor control 
on mixtures but often there is complete 
disregard of diet and irresponsibility in 
reporting complications. The fourth case 
is presented as an example of this type: 


CasE tv. L. C., aged sixteen, was a white 
female. Diabetes was diagnosed at the age of 
four. She was first treated in the clinic in July, 
1945, and given protamine zinc insulin. Hospital 
admissions were necessary in September, 1945 
for diabetic leg ulcers and in August, 1946, for 
impetigo. After the second admission she was 
discharged on 90 units of a 2:1 mixture. On 
November 9, 1946, the dosage was changed to 
65 units of a 3:1 mixture with no improvement 
in control. On April 7, 1947, she was admitted 
in acidosis and precoma accompanied by acute 
pharyngitis. Upon recovery she was discharged 
on 90 units of a 3:2 mixture. A fourth admission 
occasioned by acidosis occurred in June, 1947, 
and she was discharged on 80 units of a 2:1 
mixture. On July 2, 1947, she was admitted with 
an abscess of the right thigh, apparently due to 
use of an unsterile insulin syringe. Culture of 
the insulin revealed no organisms to be present. 
On September 15th she was again admitted 
with an abscess of the thigh, and after incision 
and drainage she was discharged using 75 units 
of a 2:1 mixture. There have been no subse- 
quent admissions, but control has been poor 
on 75 to 80 units of a 2:1 mixture, the blood 
sugar ranging from 58 to 263 mg. per cent. 


In addition to poor control due to im- 
proper cooperation, Case Iv represents one 
of two instances of abscess formation that 
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have occurred in patients receiving pre- 
mixed insulin. The possibility of contamina- 
tion in mixing the insulins was seriously 
considered at the outset, but it was believed 
that there was less chance of infection in 
mixing the insulins under ideal conditions 
in the clinic than there would be in allowing 
these patients to take multiple injections at 
home or to attempt to mix the insulins in the 
syringe. Despite the mixing of from two to 
four vials of insulin at one time, the un- 
sterile syringe remains the greatest hazard 
insofar as infections are concerned. 


SUMMARY AND CONCLUSIONS 


An analysis of 252 diabetic clinic pa- 
tients is presented, sixty-seven of whom 
have been under treatment with insulin 
mixtures. 

Insulin mixtures have a place in the 
management of severe diabetics, juvenile 
diabetics and moderately severe adult 
diabetics. The necessity of multiple injec- 
tions is avoided, and control is more satis- 
factory than with one injection of prota- 
mine zinc insulin and supplementary injec- 
tions of unmodified insulin. 

Insulin mixtures may be premixed in the 
desired proportion in the bottle with no 
change in action apparent clinically and 
with little danger of infection. 
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Review 


Cardiac Complications of Diabetes Mellitus’ 


IrRvinG M. LiEBow, M.D. and HERMAN K. HELLERSTEIN, M.D. 
Cleveland, Ohio 


a metabolic 
disease. Even if the abnormal 
metabolism remains. well  con- 

trolled, however, the complications of the 

chronic disease are frequent, widespread 
and often permanent. Among the most 
common of these complications is heart 
disease. The heart is also involved occasion- 
ally when control of the disease is tempo- 
rarily out of hand. Such lack of control may 
be in the nature of acute undertreatment 

(acidosis) or accidental overtreatment (hy- 

poglycemia), and each of these states may 

give rise to cardiac complications. This 
paper is a summary of these cardiac com- 
plications of diabetes mellitus. 


IABETES mellitus is 


COMPLICATIONS OF THE CHRONIC DISEASE 


Coronary Artery Sclerosis. It has been 
generally accepted that the incidence of 
arteriosclerosis is greater among diabetics 
than among non-diabetics. With the de- 
velopment since 1912 of the clinical entity 
of coronary occlusion and resultant myo- 
cardial infarction and with the increased 
interest in diabetes since the introduction 
of insulin ten years later, much attention 
has been paid to the relation of diabetes 
mellitus to coronary sclerosis specifically. 
For references to early articles on the subject 
the reader is referred to the bibliographies 
in articles by Blotner' and Root and 
Sharkey.” Subsequent articles on the subject 
are summarized in Table 1. It is evident 
from this table that there is a greater inci- 
dence of coronary arteriosclerosis in dia- 
betics than in non-diabetics. 

One of the striking aspects of this increased 
occurrence of coronary arteriosclerosis 


among diabetics is the sex incidence. In the 
general population the male sex 1s more often 
alfected, the ratio generally being accepted 
as 3or 4to 1.% "' In thediabetic group, how- 
ever, there is a marked increase in the 
incidence of coronary sclerosis among fe- 
males and the ratio therefore decreases. All 
authors are in agreement on this point 
although they may differ as to the degree 
of change. Blotner! reported that of thirty- 
four diabetics with coronary sclerosis twenty- 
two were female, a ratio of males to females 
of 1:1.8. This represents a complete reversal] 
of the figures among normals. In a study of 
coronary disease in non-diabetics Nathan- 
son*® found a ratio of 3:1 but in a similar 
study of diabetics* the incidence dropped to 
1.8:1. Hart and Lisa’? investigated specif- 
ically the sex factor in arteriosclerosis of 
diabetics. Moderate and severe coronary 
involvement of persons over forty years of 
age in a large control group showed a ratio 
of males to females of 1.11:1; in the diabetic 
group this fell to 1:1.04. 

There has been evidence that the occur- 
rence of arteriosclerosis in diabetics is re- 
lated to the duration of the disease and not 
necessarily to the age of the patient. War- 
ren!® reports that in 484 autopsies on dia- 
betics whose disease had lasted five years or 
more he has seen only four cases which were 
free from arteriosclerosis. Arteriosclerosis 
was present in all the others regardless of 
age. Shepardson'‘ studied the effect of 
diabetes of five or more years’ duration in 
a group under forty years of age (fifty cases) 
and found roentgen evidence of peripheral 
arteriosclerosis in 36 per cent. Rabinowitch, 
Ritchie and McKee’ found that among 


* From the Department of Medicine, Western Reserve University and the Lakeside Hospital, Cleveland, Ohio. 
Read before the Cleveland Diabetes Society, January 17, 1949. 
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diabetics under fifty years of age who had 
diabetes five years or more cardiovascular 
disease in general occurred in 85.1 per cent. 
In a study of 200 diabetics below fifty years 
of age followed for twenty-five years, Dolger!® 
found that every patient developed vascular 
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stances. This figure of 2 per cent is higher 
than the incidence of diabetes in the general 
population. Root, Bland, Gordon and 
White® found significant coronary sclerosis 
(narrowing or occlusion) in 9 per cent of 
diabetics under the age of forty and in only 


TABLE I 
CORONARY ARTERIOSCLEROSIS—-OCCURRENCE IN POSTMORTEM STUDIES 
Non-diabetics Diabetics 
Author Degree of Sclerosis | Age Group Incidence | Incidence 
No. of of of No. of 
Cases | Coronary | Coronary | Cases 
Studied | Sclerosis | Sclerosis | Studied 
Per cent Per cent 
Controls: 
40-80 
wig Well marked Diabetics: 450 21 45 77 
13-85 

Marked Over 50 yr. 249 8.2 52.7 74 
Root and Sharkey?............. Occlusive 40 and over 170 13 46.7 157 
Root, Bland, Gordon and White® | Narrowing with or 40 and over; 2,310 29 56 316 

without occlusion 
Lisa, Magiday, Galloway and Hart*| Severe 40 and over} 2,250 29 46 193 
Stearns, Schlesinger and Rudy’ | Narrowing with occlu- | Over 40 400 37 74 50 

sion or myocardial 

fibrosis 
Millard and Root®............. Occlusion or marked |........... 2,310 29 68 106 

narrowing 


damage regardless of the degree of severity 
of the disease, insulin requirement, type of 
diet or degree of control. Chute?’ also re- 
ports a high incidence of vascular disease 
in juvenile diabetics. In view of these find- 
ings one would expect a higher incidence of 
coronary sclerosis in young diabetics than in 
non-diabetics of comparable age. Unfortu- 
nately statistics on coronary arteriosclerosis, 
specifically, are relatively meager for young 
diabetics but the available figures gener- 
ally coincide with the expected. Glendy, 
Levine and White’® collected 100 cases of 
coronary disease in people under forty and 
found that diabetes was present in two in- 
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1.3 per cent of non-diabetics in the same age 
group. Master, Dack and Jaffe’? analyzed 
500 consecutive cases of myocardial infarc- 
tion. From this study they concluded that 
diabetes is not a factor in the occurrence of 
coronary occlusion in the young but never- 
theless of their thirty-nine cases under the 
age of forty two had diabetes, an incidence 
of 5.1 per cent. Millard and Root® report 
twelve young diabetics who died before the 
age of thirty-three. Of these five had had 
diabetes six years or less and showed no 
arteriosclerosis. Seven had had diabetes 
fourteen to twenty-one years and all had 
coronary arteriosclerosis; three had actual 
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coronary occlusion. These are apparently 
the same group reported by Root?’ in a 
separate communication. 

Coronary arteriosclerosis is of significance 
mainly as a cause of clinical heart disease. 
The increased incidence of coronary sclero- 


group would naturally have a higher occur- 
rence of angina pectoris than the general 
population and the figure of 11.8 per cent 
serves to lend significance to a 9 per cent 
incidence of this disability among diabetics. 

Angina pectoris ordinarily occurs in 


TABLE 
CORONARY THROMBOSIS—-OCCURRENCE IN POSTMORTEM STUDIES 
Non-diabetics Diabetics 
Age 
Author of Group No. of Incidence of | Incidence of No. of 
Thrombosis | Thrombosis d 
Per cent Per cent . 
Root and Sharkey”...... 40 and over 170 2 19.6 157 
Root, Bland, Gordon and White®.................. 40 and over| 2,310 8 35 316 
Lisa, Magiday, Galloway and Hart®................ 40 and over} 2,250 22 30 193 
Stearns, Schlesinger and Rudy’.................... Over 40 400 23 64 50 


sis among diabetics in general, among 
female diabetics in particular and in the 
younger age groups has been shown above. 
It is to be expected then that in all these 
groups there would be a greater occurrence 
of the clinical results of coronary sclerosis, 
namely, angina pectoris, coronary thrombo- 
sis and congestive failure. 

Angina Pectoris. ‘The reported incidence 
of angina pectoris among diabetics shows a 
wide range but nevertheless most reviews 
are surprisingly consistent. Rabinowitch, 
Ritchie and McKee’* found the disability 
in 1.3 per cent of diabetics in an out-patient 
clinic while Stearns, Schlesinger and Rudy’ 
reported its occurrence in 28 per cent of 
necropsied diabetics as opposed to 15 per 
cent in their control group. Blotner,! Fried- 
man?! and Root and Sharkey,” however, all 
report an incidence of 9 per cent. The 
author has been unable to find any statistics 
on the incidence of angina pectoris in the 
general population for purposes of com- 
parison. The incidence parallels the occur- 
rence of coronary artery disease and 
according to White’! angina occurred in 
11.8 per cent of a series of 3,000 patients 
with cardiac symptoms or signs. Such a 


males and females in a ratio of 3 or 4 to 
1.1%11 Among diabetics, however, the inci- 
dence among females increases and the ratio 
falls. Root and Graybiel?? found the ratio 
to be only 1.4:1 among diabetics. Stearns 
et al.’ found an incidence of 3.7:1 in their 
control group and 1:1 among the diabetics. 
Edeiken** who studied out-patients also 
reports a sex ratio of 1:1. 

Other facts stand out as significant. Root 
and Graybiel?? report that of those people 
with angina pectoris the prognosis is worse 
among diabetics. In the diabetic group 
which they studied the duration of life from 
the first anginal attack was two years as 
opposed to White’s unselected cases in 
which the duration was 3.4 years. Root and 
Sharkey” also point out that the incidence 
of angina pectoris trebles during the second 
decade of diabetes. 

Coronary Thrombosis. ‘The increased inci- 
dence of coronary thrombosis among dia- 
betics is most marked. The papers on this 
subject are summarized in Table n. 

Of further significance are the following 
facts: Not only is the incidence of coronary 
thrombosis increased in diabetics but the 
mortality following the accident is also in- 
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creased.'® In addition, Stearns, Schlesinger 
and Rudy’ report that in their series of 
necropsied diabetics one out of every three 
had died of acute coronary disease. 

The change in sex ratio is also marked. 
As with coronary sclerosis, coronary throm- 
bosis in unselected cases is three to four times 
as frequent in males as in females.!® Among 
diabetics, however, the ratio falls. In the 
series of Root and co-authors? the incidence 
of coronary occlusion in male and female 
diabetics fifty-one to eighty years of age was 
equal. Stearns et al.,’ using Schlesinger’s 
injection technic, found coronary occlusion 
in 31 per cent of male non-diabetics and in 
8 per cent of females; in the diabetics it 
occurred in 68 per cent of men and 61 per 
cent of women. In other words, in their 
series coronary occlusion in non-diabetics 
was four times as frequent in men as in 
women but among diabetics coronary oc- 
clusion increased two-fold in men and eight- 
fold in women, the incidence in both sexes 
becoming equal. 

Detailed information on angina pectoris 
in the young is found wanting. More in- 
formation on coronary occlusion in the 
young is now becoming available! 2% 2530.92 
but the number of cases reported, exclusive 
of studies of the armed forces (in whom 
diabetes is not a factor), is small. Since 
known diabetes occurs in less than 1 per cent 
of the population, few statistics are available 
on coronary occlusion in the young diabetic. 
The available figures, however, point gen- 
erally to an increased incidence of coronary 
thrombosis. Of Durant’s*® seven cases of 
coronary thrombosis in people thirty-five 
years of age or less one was diabetic. Master 
et al.!® report thirty-nine cases of coronary 
thrombosis in patients under forty years of 
age; two (5.1 per cent) had diabetes. Among 
Stryker’s”® nine infants and children under 
the age of seventeen who had coronary 
occlusion none were diabetics. Goodson 
and Willius®? make no mention of diabetes 
in their report of thirty cases of coronary 
thrombosis in persons less than forty years 
of age. If all the above mentioned series are 
totalled (85), however, the incidence of dia- 
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betics (3) among them is higher than that in 
the general population. 

Congestive Failure. ‘There have been few 
reports on the incidence of congestive failure 
among diabetics. This is readily understand- 
able when it is realized that congestive 
failure may result from any one of several 
causes, one or more of which may be present 
in a single diabetic at the same time. Coron- 
ary sclerosis alone, coronary thrombosis 
with myocardial infarction and hyperten- 
sion may each give rise to heart failure and 
are frequently present in diabetics. The 
incidence in diabetics of the specific eti- 
ologies has interested investigators more 
than the occasionally resulting clinical 
picture of cardiac insufficiency. Root and 
Sharkey”? merely state that in their post- 
mortem study congestive heart failure was 
infrequent; when it occurred, it usually 
followed coronary thrombosis. This is in 
contrast to other available figures. Fried- 
man”! found cardiac decompensation in 
8 per cent of 120 living diabetics, and 
Stearns et al.,’7 reviewing the protocols of 
fifty necropsied diabetics, found that con- 
gestive failure had been present in twenty- 
seven, an incidence of 58 per cent. 


CAUSES OF CORONARY ARTERIOSCLEROSIS 
IN DIABETES 


The etiology of the increased incidence 
of coronary arteriosclerosis among diabetics 
is unknown. It is believed by some that dia- 
betes is simply another clinical manifesta- 
tion of arteriosclerosis and that an increased 
occurrence of arteriosclerosis anywhere in 
the body is to be expected. The weight of 
statistical evidence, however, points to the 
increase in arteriosclerosis in diabetics as 
the result rather than the cause of the disease. 
Two factors have been implicated as at 
least contributing to the increased incidence, 
hypertension and hypercholesterolemia. 

Hypertension. References to early discus- 
sions of the blood pressure in diabetes are 
contained in Major’s*! article. Opinion was 
divided as to whether or not diabetics 
showed an increased incidence of hyper- 
tension. According to Major the blood 
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pressure was only slightly higher in diabetics 
than in control series but was definitely 
higher in diabetic women in the older age 
groups. Edeiken** reported hypertension in 
38 per cent of 100 diabetics studied clini- 
cally, the women being affected twice as 
often as the men. All those with high blood 
pressure were over fifty years of age. Bell 
and Clawson*? found hypertension rela- 
tively uncommon in necropsied diabetics 
under forty years of age but in persons over 
the age of fifty high blood pressure was 2.7 
times as frequent in diabetics as in non- 
diabetics. Among the older diabetics hyper- 
tension occurred in 42.5 per cent, which is 
very Close to the figure of 44 per cent found 
Enklewitz** in his postmortem study. 
Other reports show an even higher inci- 
dence. Transient and permanent high blood 
pressure occurred in 56 per cent of Fried- 
man’s”! clinical series and in 53 per cent in 
Root and Sharkey’s postmortem study.** 
Even more startling is White and Waskow’s*4 
finding of hypertension in 40 per cent of 200 
diabetics, 5 per cent of whom were under 
forty years of age. Of recent investigations 
only Nathanson‘ has found a relatively low 
(15 per cent) incidence of hypertension in 
diabetics, but even this figure is higher than 
that found in the general population.* 

Associated Findings in Coronary Arteries. 
The increased incidence of hypertension in 
diabetics is reflected in the coronary arteries. 
In Blotner’s’ series of necropsied diabetics 
high blood pressure was present in 43 per 
cent of those with coronary arteriosclerosis. 
Root and Graybiel?? found it in 52 per cent 
of 210 diabetics with angina pectoris. Ac- 
cording to Root and Sharkey”? coronary 
thrombosis is three times as frequent in 
diabetics with hypertension as in_ those 
without. Likewise, Stearns et al.’ find that 
among diabetics angina pectoris and deaths 
duc to acute coronary disease and congestive 
failure are more common in the presence of 
hypertension. 

Hypercholesterolema. It is beyond the 
scope of this review to discuss hypercho- 
lesterolemia in relation to the pathogenesis 
of coronary atherosclerosis. Some mention 
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of the clinical association is in order, how- 
ever. Cholesterol has long been implicated 
in the causation of atherosclerosis. The sub- 
stance is found in high concentration in the 
plaques of atherosclerosis, and atherosclero- 
sis is found to be of high incidence in the 
presence of hypercholesterolemia. The in- 
ference is that a high blood level of the 
sterol results in high incidence of intimal 
sclerosis. Such an association of events does 
occur in rabbits,*® chickens*”** and dogs.*® 
Conversely, the administration of decho- 
lesterolizing agents such as choline, methio- 
nine, potassium iodide and thyroid results 
in a decrease in atherosclerosis. 

The transfer of such experimental work 
to humans presents problems. The blood 
cholesterol levels of normal man is not 
readily elevated by diet. The administra- 
tion of a high cholesterol diet to a large 
group for a long period of time would be 
practically difficult and perhaps eventually 
dangerous. Investigation of the state of the 
coronary arteries in patients who have 
disease associated with hypercholestero- 
lemia, however, yields some of the desired 
information. In xanthomatosis which is 
characterized by high blood cholesterol the 
incidence of coronary sclerosis is extremely 
high. Muller*? found that of seventy-six 
patients who had hereditary xanthomatosis 
sixty-eight (90 per cent) had angina pectoris 
and/or myocardial infarction. Engelberg 
and Newman* report six cases of xantho- 
matosis in young adults (ages thirty-one to 
forty-eight), all of whom had angina pectoris 
and/or myocardial infarcts. Similar al- 
though perhaps less direct information is 
obtained from the finding of higher blood 
cholesterol levels in cases of uncomplicated 
coronary sclerosis than in normals.?*44~46 


CARDIAC COMPLICATIONS OF DIABETIC 
ACIDOSIS 


Cardiovascular Collapse. Coronary arterio- 
sclerosis in the diabetic is a complication of 
the chronic disease. Diabetic acidosis, the 
‘‘acute’”’ disease, also has its cardiovascular 
complication. Even in the absence of disease 
of the coronary arteries diabetic acidosis 
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may be associated with the type of circu- 
latory failure commonly known as shock. 
The high frequency and importance of 
this complication is attested by many 
authors. The clinical picture is familiar: 
tachycardia, low blood pressure, decreased 
pulse pressure, cold skin, depressed sen- 
sorium. Such shock often persists in the 
presence of levels of blood sugar, ketones 
and CO, combining power that are ap- 
proaching normal. In fact, Nicholson and 
Branning* report that of twenty-two treated 
but fatal cases of uncomplicated diabetic 
acidosis there were five who had normal 
blood sugar and CO, combining power and 
who showed no lesions at autopsy. All died 
in collapse. ‘The complication is of grave 
importance because of the concomitant 
increase in mortality. Rabinowitch, Fowler 
and Bensley*® found that the mortality in 
their cases of diabetic acidosis was 11.5 per 
cent if the systolic blood pressure was 90 mm. 
Hg or over; it was 53.8 per cent if under 
90 mm., almost five times as great. Collen®? 
reported that mortality for those with blood 
pressure 90 mm. or over averaged 27.6 per 
cent and for those under 90 mm. 75 per cent, 
almost three times as great. Danowski, 
Winkler and Peters** found that in recovered 
cases of diabetic acidosis the incidence of 
vascular collapse had been 20 per cent; in 
fatal cases, 85 per cent. Collen’s study is of 
further interest. He demonstrates that the 
diastolic pressure shows a much closer 
quantitative relationship to percentage mor- 


tality than the systolic blood pressure; also, 


if the pulse pressure is less than 20, the 
mortality is 92.8 per cent. The situation 
may be summarized by quoting from 
Danowski and his co-workers®* who state 
. . that some measure of peripheral 
vascular collapse is commonly found in 
severe diabetic acidosis and that its per- 
sistence is the usual reason for failure to 
recover from acidosis.” 

_ Peters, Bulger and Eisenman*® showed 
that diabetic acidosis is associated with de- 
hydration and hemoconcentration. Chang, 
Harrop and Schaub,*’ using the carbon 
monoxide method, demonstrated that the 
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dehydration results in a marked decrease in 
the circulating blood volume, the loss of 
volume being chiefly a decrease in plasma; 
the cell volume remains intact. It was sub- 
sequently shown®®®1.53,58~60 that not only is 
water lost in diabetic acidosis but that 
sodium and chloride ions are also lost in 
large amounts and must be quickly replaced 
for the prevention or treatment of circula- 


tory collapse. Further work®®®*®! has dem- 


onstrated the need for the administration of 
protein in addition to electrolytes and water 
in the treatment of the more severe cases of 
shock. More recently Howarth, McMichael 
and Sharpey-Schafer® have shown that the 
low blood pressure of diabetic acidosis is due 
to a marked decrease in total peripheral 
resistance; cardiac output remains normal. 
Their work suggests that an effective, long- 
lasting vasoconstrictor agent would be the 
medication of choice in the treatment of 
diabetic shock. 

Hypopotassemia. Recently it has _ been 
shown that potassium, too, is of clinical im- 
portance in diabetic acidosis and that 
depletion of this electrolyte often has cardiac 
manifestations. Potassium is lost from the 
body in several ways. First, there is increased 
excretion of the substance in diuresis due to 
any cause® and the diuresis associated with 
marked glycosuria results in loss of the 
electrolyte in patients going into diabetic 
acidosis.°® During the height of dehydra- 
tion, which corresponds to the period just 
before treatment of the acidosis, loss of 
potassium is noted in the cells.**®* The 
serum level remains approximately nor- 
mal,** however, and there are no signs of 
potassium deficiency. The second manner 
of potassium loss is a relative one. Treat- 
ment consists, in part, of administration of | 
large amounts of water. If potassium is not 
given in conjunction with the water, the 
amount of electrolyte remaining in the body 
at the height of acidosis is much diluted by 
the rehydration of treatment with result- 
ing marked fall in the concentration of 
serum potassium. A third way in which 
potassium is lost is thought by some to be 
due to a specific effect of insulin. Several 
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authors®* 6~68 have reported a fall in con- 
centration of serum or plasma potassium 
following the injection of insulin. More 


recent work®®7° suggests that this may be 


related to the passage of the electrolyte into 
muscle or liver in association with increased 
glycogen formation. 

As seen above, it is with treatment of 
acidosis that serum potassium concentration 
falls. It is therefore not on admission but 


following institution of therapy that the. 


results of potassium deficiency become ap- 
parent in patients with diabetic acidosis. 
The best known cardiac manifestation of 
hypopotassemia is abnormality of the electro- 
cardiogram. In the presence of low serum 
potassium the latter -shows abnormal in- 
crease in the P-R interval, depression of the 
S-T segment, prolongation of Q-T (elec- 
trical systole) and low to inverted T waves. 
These findings have been reported in 
association with the hypopotassemia of 
periodic paralysis,’"’? chronic nephritis”? 
and other causes.’* Bellet and Dyer’® were 
the first to report consistent electrocardio- 
graphic change associated with diabetic 
acidosis. Although the authors did not 
correlate the changes with potassium con- 
centration, the changes are those of hypo- 
potassemia and they noted that the changes 
occurred not during coma but twenty-four 
hours later (i.e., after institution of therapy 
and clinical improvement of the patient). 
Stewart, Smith and Miuilhorat,’! Holler’® 
and Martin and Wertman” have correlated 
these changes with the low serum potassium 
of treated diabetic acidosis. The latter 
report that of all the electrocardiographic 
changes found only low T waves show a 
high correlation with low serum potassium. 

Not only is there alteration of electrical 
conduction in the myocardium but also new 
foci for the origin of the stimulating impulse 
appear. Bellet and Dyer’® reported tempo- 
rary auricular flutter and auricular and 
ventricular premature beats in some of their 
patients. Frenkel, Groen and Willebrands”® 
report the appearance of “irregular pulse”’ 
in association with low serum potassium 
level with reappearance of normal rhythm 
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following the administration of potassium. 
Nicholson and Branning™ suggest that low 
serum potassium may be the cause of death 
from collapse that occurs in some patients. 
with diabetic acidosis whose blood sugar 
and CO, combining power have become 
normal following usual therapy. 


EFFECTS OF INSULIN 


Hypoglycemia. It must be pointed out 
that although the administration of insulin 
is necessary for the treatment of many 
diabetics, overdosage of the hormone in 
these patients may result in cardiovascular 
complications. Hypoglycemia may cause 
angina myocardial in- 
farction,®! congestive failure, changes in 
the _electrocardiogram 90.93, 96-100, 108, 104 
and changes in Fivno- 
glycemia has also been associated with the 
appearance of other changes of the circula- 
tion such as increase or decrease in heart 
rate, 5 51,82,86,93,96 increase or decrease in 
blood pressure,*** increase in venous 
pressure,*! increase in pulse pressure,*%¢ 
the development of an abnormal heart 
murmur®®84and increase in heart size.* 

The explanation for these changes is not. 
yet clear. The obvious thought is that with 
hypoglycemia there is concomitant marked 
loss of myocardial glycogen and that this 
gives rise to the cardiac abnormalities. 
Cruickshank, §”** however, showed that the 
diabetic heart has a much greater than 
normal glycogen content in the presence of 
hyperglycemia and that with the adminis- 
tration of insulin the glycogen content falls 
only to normal. Even in the:presence of very 
low blood sugar insulin conserves the glyco- 
gen stored in the heart. Other facts also 
suggest that the low blood sugar alone.is not 
the cause of the cardiovascular changes 
observed in hypoglycemia. There is no cor- 
relation between clinical findings and the 
blood sugar level;** the changes seen are not 
necessarily, or promptly, reversed by the 
administration of glucose.**%+% Probably 
the most tenable theory of the causation of 
cardiovascular changes in hypoglycemia is 
that the low blood sugar causes increased 
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discharge of adrenalin. Cannon, MclIver 
and Bliss®® demonstrated in cats that even 
the completely denervated heart responds 
to hypoglycemia by an increase in rate if the 
adrenals are intact. If the adrenals are re- 
moved or one is removed and the other 
denervated, insulin hypoglycemia causes no 
increase in rate. It is well known that the 
injection of adrenalin into the normal 
human produces many of the clinical signs 
of hypoglycemia (tachycardia, pallor, tremor, 
increased blood pressure). Furthermore Gil- 
bert and Goldzieher®? have demonstrated 
that the usual circulatory changes taking 
place in insulin hypoglycemia do not occur 
if prostigmin is administered at the same 
time as the insulin. 

Whatever the mode of causation, the 
danger of insulin overdosage is appreciable. 
Ernstene and Altschule,*® working with 
normal humans, showed that insulin hypo- 
glycemia results in increased heart rate, in- 
creased pulse pressure and increased minute 
volume output, 1.e., cardiac work is greater. 
Such added work gave rise to no difficulty 
in their normal subjects but they suggest 
that among diabetics, a large percentage 
of whom have coronary arteriosclerosis, 
such: added work could readily result in 
cardiac insufficiency and /or angina pectoris. 
For the same reason Gilbert and Goldzieher®! 
believe that close control of elderly diabetics 
is not desirable and Smith,® citing the 
clinical complications of the treatment of 
diabetes, states that “* . . . to use insulin to 
procure exact control of the diabetes in 
patients with additional heart disease is to 
court disaster.” 

Some of the effects of insulin may be 
bothersome even in the absence of marked 
hypoglycemia. It is common experience in 
the treatment of diabetics that many pa- 
tients simply feel better with slight glyco- 
suria than with excellent control. The 
cardiac symptoms (tachycardia, palpita- 
tion, substernal pain, shortness of breath) 
associated with spontaneous hypoglycemia 
are very distressing®! and such symptoms 
occur in diabetics with only slight insulin 
overdosage. It is interesting to note that 
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some of them (palpitation, precordial pain) 
have also been reported in patients who 
were given therapeutic amounts of insulin 
and who did not have hypoglycemia. *? 


SUMMARY 


1. The cardiac complications of diabetes 
mellitus are discussed under the following 
headings: (1) coronary arteriosclerosis, (2) 
diabetic acidosis and (3) hypoglycemia. 

2. There is a higher incidence of coronary 
arteriosclerosis and its clinical manifesta- 
tions among diabetics than among non- 
diabetics. ‘This higher incidence is more 
marked in women. The duration of the dia- 
betes is probably the greatest single factor 
in the occurrence of coronary arteriosclerosis. 

3. Cardiovascular collapse occurs fre- 
quently in diabetic acidosis. Prevention and 
treatment of such shock consists of the ad- 
ministration of adequate amounts of water, 
sodium chloride, protein and potassium. 

4. Insulin reactions are associated with 
cardiac complications particularly in the 
older age groups. Completely aglycosuric 
control of elderly diabetics by the use of 
insulin is not desirable. 


REFERENCES 


1. BLotner, H. Coronary disease in diabetes mellitus. 
New England 7. Med., 203: 709, 1930. 

2. Root, H. F. and SHarxey, T. P. Coronary arterio- 
sclerosis in diabetes mellitus. New England 7. 

| _ Med., 215: 605, 1936. 

3. NaTHanson, M. H. Disease of the coronary arteries. 
Clinical and pathological features. Am. 7. M. Se., 
170: 240, 1925. 

_ 4. Natuanson, M. H. Coronary disease in 100 autop- 
sied diabetics. Am. 7. M. Sc., 183: 495, 1932. 

5. Root, H. F., BLanp, E. F., Gorpon, W. H. and 
Wurre, P. D. Coronary atherosclerosis in dia- 
betes mellitus. 7. A. M. A., 113: 27, 1939. 

6. Lisa, J. R., Macmay, M., Gattoway, I. and 
Hart, J. F. Arteriosclerosis with diabetes mel- 
litus. A study of the pathologic findings in 193 
diabetic and 2,250 non-diabetic patients. 7. A. 
M. A., 120: 192, 1942. 

7. STEARNS, S., SCHLESINGER, M. J. and Rupy, A. 
Incidence and clinical significance of coronary 
artery disease in diabetes mellitus. Arch. Int. Med., 
80: 463, 1947. 

8. Mitiarp, E. B. and Root, H. F. Degenerative 
vascular lesions and diabetes mellitus. Am. 7. 
Digest. Dis., 15: 41, 1948. 

9. Crawson, B. J. The incidence of types of heart 
disease among 30,265 autopsies with special 


} 


668 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


24. 


25. 


26. 


27. 


29. 


Cardiac Complications in Diabetes—-Liebow, Hellerstein 


reference to age and sex. Am. Heart 7., 22: 607, 
1941. 

Levine, S. A. Clinical Heart Disease, 2nd ed., p. 93. 
Philadelphia and London, 1940. W. B. Saunders 
Co 


Wurre, P. D. Heart Disease. 3rd ed. New York, 
1944. Macmillan Company. 

Hart, J. F. and Lisa, J. R. Arteriosclerosis in 
diabetes. A consideration of the sex factor from 
anatomic findings. Clinics, 3: 196, 1944. 

Warren, S. The Pathology of Diabetes Mellitus. 
2nd ed. Philadelphia, 1938. Lea and Febiger. 

SHEPARDSON, H. Crare. Arteriosclerosis in the 
young diabetic patient. Arch. Int. Med., 45: 674, 
1930. 

Rasinowrrtcu, I. M., Rircuie, W. L. and McKee, 
S. H. A statistical evaluation of different methods 
for the detection of arteriosclerosis in diabetes 
mellitus. Ann. Int. Med., 7: 1478, 1934. 

DotcerR, H. The clinical evaluation of vascular 
damage in diabetes mellitus. Bull. New York 
Acad. Med., 22: 482, 1946; 7. A. M. A., 134: 
1289, 1947. 


. Cuute, A. L. Survey of patients with juvenile 


diabetes mellitus. Am. 7. Dis. Child., 75: 1, 1948. 


. Grenpy, R. E., Levine, S. A. and Wurte, P. D. 


Coronary disease in youth. 7. A. M. A., 109: 
1775, 1937. 


. Master, A. M., Dack, S. and Jarre, H. L. Age, 


sex and hypertension in myocardial infarction 
due to coronary occlusion. Arch. Int. Med., 64: 
767, 1939. 

Root, H. F. Diabetes and arteriosclerosis in youth. 
Am. Heart 7., 35: 860, 1948. 


. FrrEpMAN, G. Cardiovascular status of diabetic 


patients after the fourth decade of life. Arch. Int. 
Med., 55: 371, 1935. 


. Root, H. F. and GraysBiEL, A. Angina pectoris and 


diabetes mellitus. 7. A. M. A., 96: 925, 1931. 


. Eperken, J. Diabetes mellitus as observed in 100 


cases for 10 or more years. u. Cardiac studies. 
Am. 7. M. Sc., 209: 8, 1945. 

EnKLeEwi1tTz, M. Diabetes and coronary thrombosis. 
An analysis of cases which came to necropsy. 
Am. Heart 7., 9: 386, 1934. 

YaTER, W. M., Traum, A., Brown, W., Fitz- 
GERALD, R., GEISLER, M. and B. 
Coronary artery disease in men eighteen to 
thirty-nine years of age. Am. Heart 7., 36: 334, 
481, 683, 1948. 

Stryker, W. A. Coronary occlusive disease in in- 
fants and in children. Am. 7. Dis. Child., 71: 280, 
1946. 

FrencH, A. J. and Dock, W. Fatal coronary 
arteriosclerosis in young soldiers. 7. A. M. A., 
124: 1233, 1944. 


. Lisa, J. R. and Hart, J. F. Arteriosclerosis in the 


young. A study of 372 autopsies with a report of 
6 positive cases. Clinics, 3: 186, 1944. 

UNDERDAHL, L. D. and Smitn, H. L. Coronary 
artery disease in women under the age of forty. 
Proc. Staff. Meet., Mayo Clin., 22: 479, 1947. 


. Durant, T. M. The occurrence of coronary 


thrombosis in young individuals. Ann. Int. Med., 
10: 979, 1937. 


31. 


32. 


33. 


34. 


35. 


38. 


39. 


Mayor, G. G. Blood pressure in diabetes mellitus. 
Arch. Int. Med., 44: 797, 1929. 

BELL, E. T. and CLawson, B. J. Primary (essential) 
hypertension. A study of four hundred twenty 
cases. Arch. Path., 5: 939, 1928. 

Root, H. F. and SHarxey, T. P. Arteriosclerosis 
and hypertension in diabetes. Ann. Int. Med., 9: 
873, 1936. 

Wurrte, P. and Waskow, E. Clinical pathology of 
diabetes in young patients. South. M. 7., 41: 561, 
1948. 

Cecii, Russet. L. Textbook of Medicine. 6th ed., 
p. 1031. Philadelphia, 1943. W. B. Saunders Co. 


. Leary, T. Experimental atherosclerosis in the 


rabbit compared with human (coronary) athero- 
sclerosis. Arch. Path., 17: 453, 1934. 


. Dauser, D. V. and Katz, L. N. Experimental 


cholesterol atheromatosis. In an omniverous 
animal, the chick. Arch. Path., 34: 937, 1942. 

Dauser, D. V. and Katz, L. N. Experimental 
atherosclerosis in the chick. Arch. Path., 36: 473, 
1943. 

STEINER, A. and KENDALL, F. E. Atherosclerosis 
and arteriosclerosis in dogs following ingestion of 
cholesterol and thiouracil. Arch. Path., 42: 433, 
1946. 


40. HERRMANN, G. R. Experimental and clinical studies 


45. 


47. 


49. 


in hypercholesterolemia and atherosclerosis and 
the effects of decholesterolizing agents. Am. 
Heart 7., 33: 711, 1947. 


. Horuick, L., Dauber, D. and Katz, L. N. Thyroid 


and experimental atherosclerosis in the chicken. 
Am. Heart 7., 35: 863, 1948. 


. Mutter, C. Angina pectoris in hereditary xantho- 


matosis. Arch. Int. Med., 64: 675, 1939. 


. ENGELBERG, H. and Newman, B. A. Xanthomato- 


sis. A cause of coronary artery disease in young 
adults. 7. A. M. A., 122: 1167, 1943. 


. STEINER, A. and Domansk1, B. Serum cholesterol 


level in coronary arteriosclerosis. Arch. Int. Med., 
71: 397, 1943. 

Boas, E. P., Parets, A. D. and ApLEersBerc, D. 
Hereditary disturbance of cholesterol metabo- 
lism: a factor in the genesis of atherosclerosis. Am. 
Heart 7., 35: 611, 1948. 


. Morrison, L. M., Hori, L. and Cuaney, A. L. 


Cholesterol metabolism: blood serum cholesterol 
and ester levels in 200 cases of acute 
thrombosis. Am. 7. M. Sc., 216: 32, 1948. 

Baker, T. W. A clinical survey of one hundred 
eight consecutive cases of diabetic coma. Arch. 
Int. Med., 58: 373, 1936. 


. Ditton, E. S. and Dyer, W. W. Factors influencing 


the prognosis in diabetic coma. Ann. Int. Med., 11: 
602, 1937. 

I. M., Fow.er, A. F. and BEensLey, 
E. H. Diabetic coma (an investigation of 
mortalities and report of a severity index for 
comparative studies). Ann. Int. Med., 12: 1403, 
1939. 


. SCHECHTER, A. E., WiEsEL, B. H. and Conen, C. 


Peripheral circulatory failure in diabetic acidosis 
and its relation to treatment. Am. 7. M. Sc., 202: 
364, 1941. 


AMERICAN JOURNAL OF MEDICINE 


56 
= 
= 48 


51. 


52. 


57. 


59. 


61. 


63. 


64. 


65. 


67. 


69. 


Cardiac Complications in Diabetes—Liebow, Hellerstein 


BEARDWOOD, J. T., JR. and Rouse, G. R. Diabetic 
acidosis. A study of 220 consecutive cases. 7. A. 
M. A., 117: 1701, 1941. 

Cotten, M. F. Mortality in diabetic coma. Arch. 
Int. Med., 70: 347, 1942. 

Danowsk1, T. S., WINKLER, A. W. and Peters, J. 
P. Salt depletion, peripheral vascular collapse, 
and the treatment of diabetic acidosis. Yale 7. 
Biol. & Med., 18: 405, 1946. 

NicHOLson, W. M. and Brannina, W. S. Potassium 
deficiency in diabetic acidosis. 7. A. M. A., 134: 
1292, 1947. 


. WrecHMann, E. and Kocn, F. Untersuchungen 


tiber den hypoglykamischen Zustand nach 
Insulininjektion; das Verhalten des Kreislaufs 
im hypoglykaémischen Zustand. Deutsche Arch. f. 
klin. Med., 163: 176, 1929. 

PETERS, J. P., BULGER, H. A. and E1sENnmAN, A. J. 
The plasma proteins in relation to blood hydra- 
tion. 1. In diabetes mellitus. 7. Clin. Investigation, 
1: 451, 1925. 


Cuanc, H. C., Harrop, G. A. Jr., and ScHaus, | 


B. M. The circulating blood volume in diabetic 
acidosis. 7. Clin. Investigation, 5: 407, 1928. 


. Kypp, D. M. Salt and water in the treatment of 


diabetic acidosis. 7. Clin. Investigation, 12: 1169, 
1933. 

ATCHLEY, D. W., Logs, R. F., RicHarps, D. W., 
Jjr., Benepict, E. M. and Drisco.tit, M. E. On 
diabetic acidosis—a detailed study of electrolyte 
balances following the withdrawal and re- 
establishment of insulin therapy. 7. Clin. In- 
vestigation, 12: 297, 1933. 


- Root, H. F. The use of insulin and abuse of glucose. 


Jj. A. M. A., 127: 557, 1945. 

Peters, J. Kypp, D. M. and Ersenman, A. J. 
Serum proteins in diabetic acidosis. 7. Clin. 
Investigation, 12: 355, 1933. 


Howartn, S. J. and SHARPEy- 


ScHaFER, E. P. Low blood pressure in diabetic 
coma. Clin. Sc., 6: 247, 1948. 

ELKINTON, J. R. and WINKLER, A. W. Transfers of 
intracellular potassium in experimental de- 
hydration. 7. Clin. Investigation, 23: 93, 1944. 

Danowsk1, T. S., Hatp, P. M. and Peters, J. P. 
Sodium, potassium and phosphates in the cells 
and serum of blood in diabetic acidosis. Am. 7. 
Physiol., 149: 667, 1947. 

Martin, H. E. and Wertman, M. Electrolyte 
changes and the electrocardiogram in diabetic 
acidosis. Am. Heart 7., 34: 646, 1947. 

Harrop, G. A., JR. and Benepict, E. M. The 
participation of inorganic substances in carbo- 
hydrate metabolism. 7. Biol. Chem., 59: 683, 
1924. 

Briccs, A. P., Koecnic, I., Dory, E. A. and 
WeseR, C. J. Some changes in the composition 
of blood due to the injection of insulin. 7. Biol. 
Chem., 58: 721, 1924. 


. Kerr, S. E. The effect of insulin and of pancrea- 


tectomy on the distribution of phosphorus and 
potassium in the blood. 7. Biol. Chem., 78: 35, 
1928. 

Fenn, W. O. The role of potassium in physiological 
processes. Physiol. Rev., 20: 377, 1940. 


NOVEMBER, 1949 


70. 


71. 


72. 


73. 


74, 


75. 


76. 


77. 


78. 


79. 


82. 


83. 


85. 


87. 


89. 


669 


KomeTIanaA, P. A., GocorasHviti, S. H. and 
Do.ivzE, S. The relation between the resynthesis 
of glycogen and the distribution of potassium 
in muscular tissue. Diabetic Abstracts, 7: 84, 1948. 

STewarT, H. J., J. J. and 
A. T. Electrocardiographic and serum potassium 
changes in familial periodic paralysis. Am. 7. M. 
Se., 199: 789, 1940. 

STOLL, B. and Nisnewrrz, S. Electrocardiographic 
studies in a case of periodic paralysis. Arch. Int. 
Med., 67: 755, 1941. 

Brown, M. R., Currens, J. H. and MARCHAND, 
J. F. Muscular paralysis and electrocardiographic 
abnormalities resulting from potassium loss in 
chronic nephritis. 7. A. M. A., 124: 545, 1944. 

Taral_, R. Relation of abnormalities in concentra- 
tion of serum potassium to electrocardiographic 
disturbances. Am. 7. Med., 5: 828, 1948. 

BELLET, S. and Dyer, W. W. The electrocardio- 
gram during and after emergence from diabetic 
coma. Am. Heart 7., 13: 72, 1937. 

Ho.uier, J. W. Potassium deficiency occurring 
during the treatment of diabetic acidosis. 7. A. 
M. A., 131: 1186, 1946. 

Martin, H. E. and WertTMaAN, M. Serum potas- 
sium, magnesium and calcium levels in diabetic 
acidosis. 7. Clin. Investigation, 26: 217, 1947. 

FRENKEL, M., GoreEN, J. and WILLEBRANDS, A. F, 
Reduction of serum potassium content with 
manifestations of generalized muscular weakness 
and a cardiovascular syndrome during treatment 
of diabetic coma. Nederl. tijdschr. v. geneesk., 91: 
1704, 1947. 

Turner, K. B. Insulin shock as the cause of cardiac 
pain. Case report. Am. Heart 7., 5: 671, 1930. 


. VON Noorpen, C. Die Zuckerkrankheit und ihre 


Behandlung. 6th ed., p. 205. Berlin. 


. GiLBerRT, R. A. and J. W. The mech- 


anism and prevention of cardiovascular 
changes due to insulin. Ann. Int. Med., 25: 928, 
1946. 

Sosxin, S., Katz, L. N., Strouse, S. and Rusin- 
FELD, S. H. Treatment of elderly diabetic 
patients with cardiovascular disease. Arch. Int. 
Med., 51: 122, 1933. 

Sosxin, S., Katz, L. N. and Friscu, R. The dual 
nature of the action of insulin upon the heart. 
Ann. Int. Med., 8: 900, 1935. 


. MesstncEeR, E. Cardiovascular changes associated 


with insulin shock treatment. Ann. Int. Med., 12: 
853, 1938. 

Goopricn, E. B. and Janney, F. Insulin hypo- 
glycemia and the electrocardiogram. 7. Nerv. & 
Ment. Dis., 94: 10, 1941. 


. ERNsTENE, A. C. and ALTSCHULE, M. D. The effect 


of insulin hypoglycemia on the circulation. 7. 
Clin. Investigation, 10: 521, 1931. 

CRUICKSHANK, E. W. H. and Surivasra, O. L. The 
action of insulin on the storage and utilization 
of sugar by the isolated normal and diabetic 


heart. Am. 7. Physiol., 92: 144, 1930. 


. CRUICKSHANK, E. W. H. Cardiac metabolism. 


Physiol. Rev., 16: 597, 1936. 

Cannon, W. B., McIver, M. A. and Buss, S. W. 
Studies on the conditions of activity in endocrine 
glands. xm. A sympathetic and adrenal mech- 


| 
53. 
54. 
5 5 
56. 
5 
6 
= 
| 1 
6 2 
| 
4 
66. 
6 
| 
6 8 
8 


670 


94. 


96. 


Cardiac Complications in Diabetes—Liebow, Hellerstein 


anism for mobilizing sugar in hypoglycemia. 
Am. F. Physiol., 69: 46, 1924. 


. Strouse, S., Sosxin, S., Katz, L. N. and Rusin- 


FELD, S. H. Treatment of older diabetic patients 
with cardiovascular disease. 7. A. M. A., 98: 
1703, 1932. 


. Greene, R. Cardiac neurosis as a manifestation of 


hypoglycemia. Lancet, 2: 307, 1944. 


. Goopson, W. H. and Wiiius, F. A. Coronary 


thrombosis among persons less than forty years 
of age. Minnesota Med., 22: 291, 1939. 


. Mippieton, W. S. and Oatway, W. H., Jr. 


Insulin shock and the myocardium. Am. 7. M. 
Sc., 181: 39, 1931. 

Nicety, W. E. and Epmonpson, C. C. The use of 
insulin in treatment of diabetes. Report of some 
cases. Am. 7. M. Sc., 167: 570, 1924. 

SmirH, K. S. Cardiac syndromes complicating 
diabetes and their treatment. Brit. Heart 7., 5: 1, 
1943. 

Gra.nick, A. Pulmonary edema and electrocardio- 
graphic findings resembling coronary occlusion 


97 
98 


99 
100 
101 
102 


103 


104. 


in insulin treatment. Psychiatric Quart., 18: 650, 
1944, 

WITTGENSTEIN, A. and MENDEL, B. Electrocardio- 
gram after insulin. Klin. Wehnschr., 3: 1119, 1924. 

LauTER, S. and Baumann, H. Kreislauf und 
Atmung im hypoglykamischen Zustand. Deutsche 
Arch. f. klin. Med., 163: 161, 1929. 

Crrron, J. Experiments on insulin. Med. Klinik., 20: 
1362, 1924. 

von Haynat, E. Action of insulin on the heart. 
Klin. Wehnschr., 4: 403, 1925. 

Frey, E. Antagonism of insulin and atropine. Klin. 
Wehnschr., 4: 501, 1925. 

KuGELMAN, B. Zur Frage der Adrenalinauschittung 
bei der Insulinhypoglykamie und bei Polschen 
Gefasskrisen. Klin. Wehnschr., 12: 1488, 1933. 

Haporn, W. Untersuchungen iber die Beeinflus- 
sung des Herzens durch Insulin und Hypo- 
glykamie. <tschr. f. klin. Med., 130: 643, 1936. 

Haporn, W. and WaALTHarp, B. Experimentelle 
Untersuchungen iiber anatomische Herzmuskel- 
veranderungen im Insulinshock. éschr. f. d. ges. 
exper. Med., 105: 174, 1939. 


AMERICAN JOURNAL OF MEDICINE 


00 

| 


Seminars on Antibiotics 


sea (Chloromycetin) in the 
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Washington, D.C. 


4LORAMPHENICOL is one of the im- 
( portant recent additions to the 
group of antibiotics of proved 
clinical value. It is effective against a wide 
variety of infectious agents in the laboratory 
and on the ward. The purified crystalline 
form of the antibiotic, obtained from the 
fermentation products of the mold Strepto- 
myces venezuelae, was used in most of the 
early laboratory and clinical studies. The 
active material was shown to have a rela- 
tively simple chemical structure and shortly 
thereafter it was produced synthetically on 
a practical basis and made available for 
clinical use. 


HISTORY OF DEVELOPMENT 
AND SYNTHESIS 


During the course of a systematic search 
for new antibiotic agents a Streptomyces 
species which possessed antibiotic proper- 
ties against several bacterial organisms was 
isolated by Dr. Paul R. Burkholder of the 
Osborn Botanical Laboratory at Yale Uni- 
versity from a sample of soil collected in 
Venezuela. This culture, together with a 
number of others which showed promise, 
was given to the Research Laboratories of 
Parke, Davis and Company. The results of 
a series of integrated investigations by 
workers in the Research Laboratories'*?® 
indicated that (1) a substance with marked 
antibiotic activities was readily obtained 
from filtrates of Burkholder’s organism 
(which was subsequently named Strepto- 


myces venezuelae) when grown in large 
tanks, (2) the antibiotic activity of the 
filtrates was attributable to a stable sub- 
stance obtained in crystalline form and 
named Chloromycetin, (3) the crystalline 
antibiotic was well absorbed when ad- 
ministered orally to laboratory animals and 
(4) the new material was of low toxicity for 
animals. While the early work on the 
spectrum of organisms affected by the new 
antibiotic was devoted primarily to a study 
of bacterial species, exploratory studies with 
Rickettsia prowazeki suggested that this 
rickettsial agent might also be susceptible.? 

At this point a third group of investigators, 
those at the Army Medical Department 
Research and Graduate School, began a 
series of studies designed to determine the 
efficacy of the antibiotic against viral and 
rickettsial agents.**® These focused atten- 
tion on the marked antirickettsial properties 
of the antibiotic and on the low toxicity of 


Chloromycetin for man.’ The results of 
- laboratory studies stimulated clinical trials 


in which patients with rickettsial. diseases 
were treated with the newly recognized 
substance. 

Crystalline Chloromycetin obtained by 
the fermentation process provided the 


’ biochemists in the Research Laboratories at 


Parke, Davis and Company with suitable 
material for studies on the chemical struc- 
ture of the antibiotic. Chloromycetin proved 
to be a rather simple substance; according 
to Rebstock, Crooks, Controulis and Bartz® 
its structural formula is: 


'* From the Department of Virus and Rickettsial Diseases, Army Medical Department Research and Graduate School, 
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_ The authors state, ‘“Chloramphenicol is, so 
far as we know, the first naturally occurring 
compound which contains a nitro group 
or which is a derivative of dichloracetic 
acid.”” These workers proved the validity 
of their formula by synthesizing the ma- 
terial and demonstrating that this sub- 
stance had all of the physical and chemical 
properties of the natural antibiotic obtained 
by the fermentation process.’ The synthe- 
sized drug was promptly shown to be as 
efficacious in the treatment of experimental 
animals and of patients as was the natural 
substance obtained from the mold.!° 

The generic name chloramphenicol was 
given to the new antibiotic and the term 
Chloromycetin designated as a trade mark. 


EFFECT OF CHLORAMPHENICOL ON 
MICROBIAL AGENTS 


Rickettsiae and Viruses. Chloramphenicol 
was originally recognized and developed be- 
cause of its zn vitro antibacterial effects. How- 
ever, its antirickettsial properties rapidly 
assumed paramount importance. It will be 
recalled that in 1947 no highly satisfactory 
chemotherapeutic agent existed for the 
treatment of the rickettsial diseases of man.!! 

Viruses and rickettsiae are obligate intra- 
cellular parasites which multiply only in the 
presence of living cells. Past experience has 
shown little correlation between the capac- 
ity of various substances to inactivate these 
microbial agents zn vitro with their capacity 
to inhibit growth of the agents in vivo. 
Therefore, in our screening program no 
attempt is made to determine zn vitro destruc- 
tion of viruses or rickettsiae until after a 
given substance has shown promise in vivo. 
Thus initial studies with new substances are 
performed as chemoprophylactic or chemo- 


Chloramphenicol (Chloromycetin) —Smadel 


therapeutic tests using infected rodents or 
embryonated eggs. 

Table 1 summarizes the available in- 
formation on the inhibitory effect of chlo- 
ramphenicol on the growth of a number of 
rickettsiae and viruses. Since the tabular 
data are derived from in vivo experiments 
which vary somewhat in design from one 
infectious agent to another, it is not feasible 
to express the degree of inhibition numeri- 
cally. It is apparent from the table that all 
of the rickettsial agents which have been 
tested with chloramphenicol are markedly 
inhibited zn vivo. Members of the psittacosis- _ 
lymphogranuloma venereum group of viru- 
ses, which are so closely related to the 
rickettsiae that they are classified as mem- 
bers of the family Chlamydozoaceae of the 
order Rickettsiales Gieszczykiewicz in the 
sixth edition of Bergey’s “Manual of De- 
terminative Bacteriology,” are also markedly 
inhibited by this antibiotic. In sharp con- 
trast, none of the other viruses is affected. 

Certain of the experimental rickettsial 
infections appear to respond more readily 
to chloramphenicol than others. For ex- 
ample, when tested in embryonated eggs a 
significant prolongation of life of the em- 
bryos is obtained when 0.0625 mg. of drug 
is injected on one occasion into eggs infected 
with the agent of spotted fever, whereas 
0.5 mg. is required to obtain a significant 
effect in embryos infected with the agent 
of Q fever.* In such experiments as these 
the prolongation of life of embryos is 
equally great whether the drug is adminis- 
tered immediately before inoculation of 
infectious material or a day or so later. Even 
within a given species of rickettsiae certain 
strains may be more susceptible to chemo- 
therapy than others. This is illustrated by 
the response of groups of mice infected with 
the Karp and the Seerangayee strains of R. 
tsutsugamushi. Daily administration of 2.5 
mg. of chloramphenicol per mouse for 
twelve days after inoculation results in 
survival of all animals infected with the 
Karp organism and in death of practically 
all animals infected with the Seerangayee 
strain. Prolongation of treatment for twenty 
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days permits survival of practically all mice 
infected with Seerangayee. It should be 
mentioned that in such experiments as these, 
death occurs in infected untreated animals 
during the third week after inoculation.® 
Chloramphenicol has no direct ricket- 
tsiocidal effect when tested in vitro in con- 


TABLE I 
INHIBITORY EFFECT OF CHLORAMPHENICOL ON GROWTH 
OF RICKETTSIAE AND VIRUSES IN LABORATORY 


ANIMALS 
Agent and Reference Inhibition 
Rickettsiae: 
Epidemic typhus!*.................... Marked 
Murine typhus‘....................... Marked 
Rocky Mountain spotted fever‘......... Marked 
Viruses: 
Lymphogranuloma Marked 
None 
Influenza A, A’ and B*:!?7.............. None 
Lymphocytic choriomeningitis*......... None 
Eastern equine encephalomyelitis....... None 
Western equine encephalomyelitis'*...... None 
St. Louis encephalitis?................. None 
Japanese encephalitis‘................. None 
Poliomyelitis (Lansing, Yale-SK)!*....... None 
Mouse None 
Newcastle disease*.................... None 
Chick None 
None 


centrations of 1250 yg /ml. against either R. 
tsutsugamushi or the virus of psittacosis. 
Furthermore, in at least several of the ex- 
perimental infections which are benefited 
by chloramphenicol the therapy does not 
result in sterilization of tissues. ‘This has been 
carefully studied in mice infected with R. 
tsutsugamushi. Here viable organisms may 
be recovered from the spleens of infected 
mice 100 days after inoculation despite the 
fact that the animals have received a full 
therapeutic dose of 2.5 mg. per day during 
the entire period of time.* With certain of 
the other agents, i.e., R. rickettsii and R. 
akari, preliminary data suggest that actual 
sterilization of the tissues may occur in 
some of the animals which recover from 
infection. However, it may be that auto- 
sterilization occurs rather promptly in 
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experimental animals which survive infec- 
tion with these particular agents. The sub- 
ject of mode of action of chloramphenicol 
will be discussed in a general way in other 
sections of this review. Suffice it to say here 
that in scrub typhus infections in man and 


TABLE 1 
IN VITRO SENSITIVITY OF BACTERIA TO CHLORAMPHENICOL * 
Inhibit- 
ing 
Con- 
centra- 
Organism tion 
ug/ml. 
Alcaligenes 1.0 
Bacillus 1.0-5.0 
Clostridia > 500 
Corynebacterium diphtheriae.............. 0.5 
Diplococcus pneumoniae.................. 1.0-2.5 
Hemophilus influenzae.................... 3.6} 
Hemophilus pertussis....................-. 0.2 
Klebsiella pneumoniae.................... 0.5-2.5 
Malleomyces mallei....................... 40 
Mycobacterium tuberculosis............... 6-12 
Neisseria meningitidis..................... 2.5 
Pasteurella 0.2-2.5 
1-25 
Pseudomonas 10-100 
Salmonella enteritidis......-.............. 0.7-2.5 
Salmonella paratyphi..................... 0.7 
Salmonella schottmuelleri.................. 0.5-2.5 
Salmonella typhosa..................... 1-5.0 
Shigella 0.7 
Shigella paradysenteriae................... 0.5-2.5 
Streptococcus pyogenes (hemolyticus)....... 0.7-2.5 


* Information from McLean et al.}? 

ft Minimum inhibiting concentrations were deter- 
mined on the basis of complete inhibition of growth of 
the designated organism in fluid medium at eighteen 
hours. 

t From Dr. T. E. Woodward, personal communica- 
tion. 


mouse chloramphenicol does not “‘cure”’ the 
patient; the antibiotic suppresses growth of 
the rickettsiae and permits the individual 
to develop his immune processes and thus 
to recover from the disease. 

Bacteria. Chloramphenicol has an in- 
hibitory effect on the growth in vitro of a 
wide range of bacteria. A number of the 
early publications contained lists of organ- 
isms with their susceptibility to chloramph- 
enicol as determined by one of several 
methods.!*151!6 The recent report by Mc- 
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Lean and his associates’? presents the most 
extensive single list currently available, 
moreover all organisms mentioned were 
tested by a single method. Information con- 
tained in Table m has been taken almost 
entirely from this source.’? The tabular data 
indicate the minimum concentration of 
chloramphenicol required to cause com- 
plete inhibition of growth in fluid medium 
of a number of bacterial species which are 
pathogenic for man. 

Inspection of Table 1 reveals a prepon- 
derance of gram-negative bacteria. Chlo- 
ramphenicol does indeed possess considerable 
activity against gram-negative organisms. 
While inhibition of growth of staphylococci 
and streptococci is obtained, the concen- 
trations required to affect these organisms 
are far in excess of the effective concentra- 
tions of penicillin. Such information as that 
given in Table m1 is of interest to the physi- 
cian early in the work with a new antibiotic 
since it supplies leads which may be of value 
in experimental chemotherapy studies in 
animals and in man. In fact, demonstrable 
effectiveness in vitro of a new antibiotic 
against a number of bacteria of medical 
importance is usually a prerequisite for 
continued general interest in that sub- 
stance. However, unless such an antibiotic 
possesses many other satisfactory charac- 
teristics, the new substance remains a matter 
of academic interest to a few laboratory 
workers. 

It would be pertinent in a review of this 
type to present extensive experimental evi- 
dence of the chemotherapeutic effect of 


chloramphenicol against a number of ex- 


perimental bacterial infections in animals. 
While a certain amount of such information 
is available, it is extremely limited. This is 
due in part to the fact that early in its 
history chloramphenicol was used in the 
treatment of patients with rickettsial disease, 
and subsequently was employed in bacterial 
infections of man without waiting for the 
results of the usual laboratory experimenta- 
tion. This is illustrated in the successful 
treatment with chloramphenicol of patients 
suffering from typhoid fever.’7 An even 
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more extreme example is found in its use in 
the satisfactory treatment of acute gonor- 
rheal urethritis in the male;!* here labora- 
tory data are still not available on the in vitro 
effect of chloramphenicol on Neisseria 
gonococcus. 

The work of Youmans and his colleagues 
on the tuberculostatic action of chloram- 
phenicol in mice isencouraging and deserves 
to be extended, particularly since the blood 
levels obtained in the treated mice were well 
below those which can be produced readily 
in human beings.'® Gauld and his co- 
workers”? demonstrated the efficacy of 
chloramphenicol in mice inoculated with 
Vibrio comma. However, they pointed out 
the difficulties which would accompany 
chemotherapy of cholera in man and sug- 
gested that its principal use in this infection 
might be as a prophylactic agent during an 
epidemic. 

Woodward and his co-workers?! found 
that chloramphenicol had little beneficial 
effect in mice treated for three days after 
infection with Pasteurella tularensis. Under 
these same conditions streptomycin gave 
somewhat more satisfactory results but 
aureomycin was superior to the other two . 
antibiotics. Smith and his colleagues make 
the following statement:* “Exploratory ex- 
periments, using small numbers of mice 
infected intraperitoneally with lethal doses 
of virulent Klebsiella pneumoniae (type A), 
Shigella paradysenteriae (Flexner), Shigella 
paradysentertae (Sonne), Diplococcus pneumoniae 
(type 1), Streptococcus hemolyticus, and Strepto- 
coccus viridans and treated subcutaneously 


_ with chloromycetin in 20 per cent propylene 


glycol, streptomycin sulfate, or penicillin G, 
showed that chloromycetin was qualitatively 
similar to streptomycin but quantitatively 
inferior in protective action.” 

The results obtained when mice were 
infected with Salmonella typhimurium and 
treated with chloramphenicol were con- 
sidered by Seligmann and Wassermann”? to 
be discouraging. It is to be noted that their 
treated mice survived during the relatively 
short period of therapy but subsequently 
died. This brings up several points which 
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are worth mentioning at this time. In the 
first place, chloramphenicol may be highly 
bacteriostatic for a given organism but 
almost completely lacking in bactericidal 
power for the same organism. Thus con- 
centrations of 1000 wg/ml. in fluid media 
do not kill S. typhosa.!”° This is similar to 
the observation described earlier in which 
chloramphenicol had no in vitro rickettsio- 
cidal activity against R. tsutsugamushi. 
With these two agents, at least, recovery of 
the individual must depend upon the de- 
velopment of immunity in the infected host 
since the antibiotic merely suppresses growth 
of the organisms. The situation in mice in- 
fected with S. typhimurium may be similar 
to that in man infected with S. typhosa. 
In the latter instance, if relapses are to be 
avoided, chloramphenicol therapy must be 
continued for longer than eight days.”* 

Fungi. ‘The majority of the fungi which 
have been examined are not affected by 
chloramphenicol. McLean and his associ- 
ates!” tested twenty-one strains from eleven 
genera of pathogenic fungi and sixteen 
strains from nine genera of non-pathogenic 
fungi. Growth of two representatives from 
the first group, namely, Actinomyces bovis 
and Nocardia asteroides, both of which are 
causal agents of actinomycosis, were com- 
pletely inhibited by concentrations of 5 to 
20ug /ml. The remaining organisms in both 
groups were not inhibited appreciably by 
concentrations of 1000 to 2500 ug /ml. 

Spirochetes. Experimental infection in 
rabbits caused by Nichols strain of Trepo- 
nema pallidum was not affected by daily 
doses of 25 mg. of chloramphenicol per Kg. 
of body weight. Double and quadruple this 
amount cleared the lesions of spirochetes 
and "permitted healing temporarily.* These 
preliminary results suggest that chloram- 
phenicol does not compare favorably with 
penicillin in the therapy of experimental 
syphilis. 

Spirochetes of relapsing fever, Borrelia 
novyi and B. recurrentis, were immobilized 
by chloramphenicol in vitro and infection in 
mice with the first organism was suppressed 
appreciably by small doses of the drug.*!” 
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Protozoa. Chloramphenicol had no ap- 
preciable antimalarial effect when tested in 
ducks and chickens infected with Plas- 
modium lophurae.* High concentrations of 
the drug did not affect Trichomonas foetus 
but in certain culture media reduced the 
number of Endamoeba histolytica. The 
latter observation in itself may be of little 
importance since the result may have been 
an indirect one involving the bacteria which 
occur in the cultures and serve as a nutrient 
supply for the ameba. Of greater signifi- 
cance, however, is the observation that an 
appreciable clearing of infection occurred 
in rats and dogs with experimental amebia- 
sis which were given large doses of drug. 

Development of Resistance by Micro-organisms. 
McLean and his co-workers!” have shown 
that resistant variants can be developed 
from a number of species of bacteria which 
were originally susceptible to chloram- 
phenicol. ‘This was done in the usual man- 
ner, 1.e., growing the culture in increasing 
concentrations of the antibiotic. 

Neither the experience of these workers 
nor that in our laboratory® has presented 
evidence that drug-resistant strains of rick- 
ettsiae can be developed under experimental 
conditions. 

It is noteworthy that clinical experience 
in the treatment of typhoid fever and scrub 
typhus has provided no indication that 
resistant strains make their appearance in 
treated patients.'”*4 Thus it would appear 
that this phenomenon may be expected to 
be of little importance to the physician. 


LABORATORY METHODS FOR DETERMINATION 
OF CHLORAMPHENICOL LEVELS 


Chloramphenicol is an extremely stable 
compound. It is unaffected over the pH 
range from 2-9 or by boiling in distilled 
water for a number of hours.” The solubility 
of the neutral, white crystalline drug in 
distilled water is 0.25 per cent. Solutions of 
this concentration may be kept for months 
at icebox temperatures for use as the stand- 
ard in assays for chloramphenicol. Solutions 
containing less than 1.0 mg. per ml. deteri- 
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orate after a few days or weeks of storage in 
the refrigerator. 

Bioassay. A number of the methods 
which have proved suitable for assaying 
other antibiotics have been used with 
chloramphenicol. At the Army 


Chloramphenicol (Chloromycetin)—Smadel 


Bratton and Marshall for determination of 
sulfonamide. As would be expected under 
these circumstances the presence of sul- 
fonamides interferes with the test. 

About 10 per cent of the chloramphenicol 
administered to human beings and dogs is 
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Fic. 1. Blood and urine levels of chloramphenicol following a 2.0 Gm. oral dose. 
Determinations were by the bioassay method. (Reproduced from Proc. Soc. Exper. 


Biol. & Med., 68: 9-12, 1948.7) 


Medical Department Research and Grad- 
uate School a modification of the turbidi- 
metric method of Ehrlich and his associates* 
has been used most extensively. In this 
technic the amount of crystalline drug in a 
known standard solution which is required 
to produce 50 per cent inhibition of growth 
of Shigella sonnei is compared spectro- 
photometrically with the inhibiting capacity 
of varying dilutions of the unknown mate- 
rial. The method determines the amount of 
biologically active chloramphenicol and is 
satisfactory for estimating the drug levels 
in serum, urine and spinal fluid and, with 
some slight modifications, milk and bile. 
Chemical Method. ‘The chemical method 
for determining chloramphenicol, as de- 
scribed by Glazko and his associates,”® is 
based on the reduction of the nitro group of 
the chloramphenicol molecule to a primary 
amine (this is effected by heating with zinc 
dust) followed by diazotization and cou- 
pling. The color produced by this reaction 
is proportional to the concentration of 
chloramphenicol. In essence, after conver- 
sion to the primary amine the method is 
essentially identical with the procedure of 


excreted in the urine in the active form and 
is detectable by bioassay. In dogs most of the 
administered chloramphenicol appears in 
the urine in the form of inactive nitro com- 
pounds which, like the active substance, 
react in the chemical determination for 
chloramphenicol. In human beings most of 
the chloramphenicol is excreted in an 
inactive conjugated form, probably as the 
monoglucuronide.”® 

Since relatively small amounts of the 
degradation forms of the drug are present 
in blood and spinal fluid, the chemical 
determination gives a close approximation 
of the amount of biologically active anti- 
biotic which is present. On the other hand, 
the occurrence of large amounts of degrada- 
tion products in the urine interferes with 
the chemical estimation of the amount of 
active drug. 

Levels of Chloramphenicol in Body Fluids of 
Man. Figure 1 illustrates the levels of 
chloramphenicol attained in the blood and 
urine of a normal person following the oral 
administration of a single 2.0 Gm. dose of 
drug. These data, obtained by bioassay, 
indicate that the drug is rapidly absorbed 
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from the gastrointestinal tract and reaches 
appreciable levels in both blood and urine 
within one-half hour.’ The maximal blood 
levels, which are usually of the order of 
20 to 40 ug/ml. following a 2.0 Gm. dose 
and 40 to 60 ug/ml. after a 4.0 Gm. dose, 
are reached within one to three hours. The 
values gradually decline and no detectable 
antibiotic is found at eighteen to twenty-four 
hours. The levels of active material in the 
urine are appreciably higher than in the 
blood but the rise and fall follow the same 
general pattern. The amounts of chloram- 
phenicol in the spinal fluid, bile and milk of 
human beings are about half those found 
simultaneously in the blood. 


CLINICAL USE OF CHLORAMPHENICOL 


Rickettsial Diseases 


Typhus Fevers (Epidemic, Murine and Scrub). 
The early laboratory studies indicated that 
chloramphenicol might be of value in the 
treatment of rickettsial diseases. Since satis- 
factory therapeutic measures were particu- 
larly needed for this group of infections, the 
first clinical trials of the new drug were 
made with patients suffering from typhus 
fever during the winter of 1947 and 1948 in 
Bolivia?® and in Mexico.?’ These initial 
observations provided highly encouraging 
results but both tests left something to be 
desired. Although carefully studied the 
Mexican patients with epidemic and murine 
typhus were few in number. On the other 
hand, while a larger group of patients was 
treated in Bolivia during an epidemic of 
louse-borne typhus, facilities were not avail- 
able for the extensive study of individuals. 
Additional results with chloramphenicol in 
the treatment of patients with epidemic and 
murine typhus have not been reported, 
nevertheless, these two preliminary trials 
have received much indirect support from 
the results of therapeutic studies with this 
antibiotic in patients with two other rick- 
ettsial diseases, 1. e., scrub typhus and Rocky 
Mountain spotted fever. There is little point 
in discussing the therapeutic regimens em- 
ployed in the first groups of typhus fever 
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patients who were treated with chloram- 
phenicol since subsequent studies have pro- 
vided information which should now be 
applied to these two diseases. 

The work in Malaya of the U. S. Army 
Scrub Typhus Research Team on the treat- 


TABLE 1! 
SCRUB TYPHUS PATIENTS 
KUALA LUMPUR, 1948* 


Treated Untreated 
No. patients....... 30 23 males 19 16 males 
7 females 3 females 
Day after onset 
RR begun....... 3 to 11, av. 6.2 
Last febrile day of 
a re 4 to 12, av. 7.4/12 to 31 av. 17.1 
Duration of fever 
after R begun 
6 to 96, av. 31.8) 
Day after onset dis- 
charged from hos- 
14 to 28, av. 17.8)17 to 51 av. 29.9 
Complications... .. 0 1 parotitis 
1 pneumonia 
Dente. .......... 0 1 17th day 
Month of onset....| March—Sept. Feb.—June 


* Reproduced from Smadel, Woodward, Ley and 
Lewthwaite.? 


ment of tsutsugamushi disease provided 
conclusive evidence of the efficacy of chlor- 
amphenicol in the therapy of rickettsial 
diseases.** The data on the first thirty 
patients with naturally acquired scrub 
typhus who received this new antibiotic are 
summarized in Table 11. 

The typical response of a treated patient 
in this series is illustrated graphically in 
Figure 2. All of the Malayan patients 
received an initial oral dose of 3.0 to 4.0 
Gm. of chloramphenicol. This was followed 
by 0.25 Gm. amounts at intervals of two to 
three hours for a varying period of time. 
The first patients were treated over a 
period of five or six days but subsequent 
observations showed that such long periods 
of therapy were unnecessary. Indeed, a 
single oral dose of 3.0 to 4.0 Gm. of drug 
was sufficient to control the disease in a 
number of patients who received this 
regimen. However, the ultimate practice 
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was to give an initial loading dose of 3.0 or 
4.0 Gm. and follow this with 0.25 Gm. 
every three hours during the succeeding 
twenty-four hours. 

Chloramphenicol has been used prophy- 
lactically in human beings exposed to scrub 
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phenicol is rickettsiostatic but not rick- 
ettsiocidal. It would appear that suppression 
must be maintained long enough for the 
individual to develop immunity if he is to 
remain asymptomatic when the drug is 
discontinued. 
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Fic. 2. Clinical response of patient with scrub typhus to chlorampheni- 
col therapy begun on the sixth day of disease. A total of 6.5 Gm. of 
chloramphenicol was given over a period of twenty-two hours. (Repro- 
duced from 7. Clin. Investigation, 28: 1196, 1949.2) 


typhus. It has been shown that daily oral 
doses of 1.0 Gm. or weekly doses of 4.0 Gm. 
are sufficient to suppress clinical evidence of 
disease in volunteers who were exposed in 
hyperendemic areas of scrub typhus in 
Malaya. When prophylaxis was continued 
for only two weeks after the end of exposure, 
scrub typhus developed in the volunteers 
about a week after the last prophylactic 
dose of drug.”® However, when the regimen 
was continued for four weeks after the last 
exposure, none of the volunteers subse- 


quently developed clinical disease.?® Here 
again the evidence indicates that chloram- 


Spotted Fever. Pincoffs and his co-work- 
ers®® obtained excellent results with chlor- 
amphenicol in the treatment of fifteen 
patients suffering from Rocky Mountain 
spotted fever. These persons, who were 
carefully studied during the spring and 
summer of 1948, were given an initial oral 
loading dose of 75 mg. per Kg. of body 
weight followed by 0.5 Gm. every three 
hours until the temperature had been nor- 
mal for a twenty-four-hour period. The 
average duration of fever after initiation of 
therapy was approximately 2.2 days. The 
duration of the febrile response in each of 
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the fifteen cases is presented graphically in 
Figure 3. A_number of the patients were 
desperately ill but all recovered. 


. For comparison the Baltimore group 


analyzed the records of forty-six patients 
with spotted fever who were treated at the 
University Hospital between 1930 and 1946 
and who recovered without benefit of 
specific therapy and without complications. 
The average duration of fever in these cases 
was 16.0 days. The authors point out that 
in Maryland during the past decade the 
mortality from Rocky Mountain spotted 
fever has been about 20 per cent. 

General Remarks. In general, a_ thera- 
peutic schedule which seems applicable to 
adult patients suffering from the rickettsial 
diseases is as follows: An initial loading dose 
of 3.0 to 4.0 Gm. of chloramphenicol given 
by mouth, followed by 0.25 Gm. doses every 
two or three hours until the temperature 
returns to a normal level. Such a schedule 
usually requires 5.0 to 10.0 Gm. of drug 
over a period of one to three days. 

Reports have not yet appeared on the use 
of chloramphenicol in patients with Q fever 
or rickettsialpox, both of which diseases 
occur in the United States. Laboratory data 
on experimental infections caused by the 
agents of these rickettsial diseases would lead 
to the belief that the drug should be useful 
in the treatment of such patients. 


Bacterial Diseases 


Typhoid Fever. ‘Two patients originally 
presumed to have scrub typhus and treated 
with chloramphenicol by the American 
group in Malaya subsequently were proved 
to have typhoid fever; these patients became 
afebrile in three to four days. As a result 
studies on this disease were pursued inten- 
sively. The data obtained from the first ten 
cases of typhoid fever who received chlor- 
amphenicol clearly indicated that the anti- 
biotic had a specific therapeutic effect in 
this bacterial disease. The average duration 
of fever in this group of patients after treat- 
ment was instituted was 3.5 days.!”* The 
graphic record of one of the first patients is 
presented in Figure 4. 
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The extensive experience of the Army 
group, gained in the treatment of forty-four 
patients with typhoid fever, confirmed the 
early observations.!”?* These investigators 
pointed out that the patients became 
afebrile before the intestinal lesions of 


Day of disease 


Case 


14/15}1 7ilé 21 


:= 


ation of Fever in 
¢ cortrol series 
ion of fever 
9 GEDuration of fever 
10 ZA after initiation 
(a of therapy 
12 


13 
LOD WILL. 


Fic. 3. Duration of fever in fifteen cases of Rocky 
Mountain spotted fever treated with chlorampheni- 
col contrasted with average duration of fever in 
control series of forty-six cases. (Reproduced from 
Ann. Int. Med., 29: 656-663, 1948. 3°) 


typhoid fever healed and as a result hemor- 
rhage and perforation sometimes occurred 
during or shortly after defervescence. In 
their summary of the first twenty-four 
patients treated they reported intestinal 
hemorrhage in two persons and intestinal 
perforation in another. Nevertheless, all of 
these treated patients recovered.!” 

The Army group encountered relapses of 
typhoid fever in two of the first ten treated 
patients. Subsequent studies demonstrated 
that the incidence of relapses was related 
to the duration of chloramphenicol ther- 
apy.”* Thus a clinical relapse with reappear- 
ance of bacteremia occurred in seven of the 


_ thirteen patients whose initial course of 


drug was given for eight days or less; the 
average duration of therapy was 6.9 days. 
No relapses occurred in another group of 
nineteen patients which was comparable in 
essentially all respects except that the treat- 
ment was continued for nine to fourteen 
days, average 11.2. Similarly, no relapses 
were encountered in a third group of twelve 
patients whose therapy was continued for 
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fourteen to twenty-three days. On the basis 
of these findings it would appear that 
patients with typhoid fever should receive 
25 to 30 Gm. of chloramphenicol over a 
period of ten to twelve days. This can be 
given in the following manner: After an oral 
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appear to be higher in the treated group 
than it was in the large groups of patients 
who recovered before the advent of specific 
therapy.!7°> Chloramphenicol appears to be 
of no value in eradicating the carrier state 
of typhoid fever. 
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Fic. 4. Clinical response of typhoid patient to chloramphenicol therapy. A total of 22 Gm. 
was given over a period of nine days. (Reproduced from Ann. Int. Med., 29: 131-134, 


1948. 170) 


loading dose of 3.0 Gm. the patient may be 
given a total of 3.0 Gm. daily in divided 
doses until the fever disappears. Subse- 
quently the patient should receive 2.0 Gm. 
daily for the next eight to ten days. 

In general, S. typhosa were no longer 
demonstrable in the bloods of the patients a 
few hours after chloramphenicol therapy 
was begun. Furthermore, the blood re- 
mained sterile thereafter except in those 
instances in which relapses occurred. About 
one-half of the patients had S. typhosa in 
their stools on one or more occasions after 
chloramphenicol therapy was begun. Stools 
from the majority of these did not yield the 
organisms after therapy was discontinued; 
indeed, the reappearance of S. typhosa in 
the stool was limited almost entirely to those 
individuals who suffered relapses. The 
incidence of the typhoid carrier state did not 


Confirmatory evidence regarding the 
value of chloramphenicol in the treatment 
of typhoid fever has accumulated rapidly. 
McDermott and his associates during the 
course of therapeutic trials in Mexico in the 
fall of 1948 reported experiences similar to 
those of the Army group in Malaya.** More 
recently the drug has been shown to be of 
value in the treatment of a number of 
patients with this disease in the United 
Kingdom ** and the United States.*® 

Brucellosis. Woodward and his associ- 
ates*® reported on the results of administer- 
ing chloramphenicol to nine patients with 
brucellosis. Six of these were experiencing 
an initial attack and three were suffering a 
relapse which had begun two to five months 
after the primary illness had been controlled 
by combined streptomycin and sulfadiazine 
therapy. In four of the patients Brucella 
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abortus was cultured from the blood, in two 
B. suis and in one B. melitensis. The diag- 
nosis in the two remaining cases was 
established by agglutination tests. The 
clinical record of one of these patients is 
reproduced graphically in Figure 5. The 


phenicol and aureomycin, was the drug of 
choice for this disease. 

Harris’ experience, although more exten- 
sive than that of Woodward, provided less 
definitive information. Among the 110 
patients with brucellosis who were treated 
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Fic. 5. Clinical response of patient with brucellosis (B. suis) treated with 15.5 
Gm. of chloramphenicol over a period of seven days. (Reproduced from 7. Clin. 


Investigation, 28: 968, 1949.**) 


average duration of fever after therapy was 
begun was 2.7 days for the nine patients. 

The therapeutic regimen employed in 
this group of patients was similar to that 
used in typhoid fever. Following the initial 
loading dose of approximately 50 mg. of 
chloramphenicol per Kg. of body weight, 
the patients were given 0.25 Gm. doses at 
three-hour intervals until the temperature 
became normal and for a minimum of 
five days thereafter. The majority of 
patients were followed for six to nine 
months after treatment. One individual 
suffered a relapse thirty days after chloram- 
phenicol was discontinued. This febrile 
episode was promptly terminated when 
therapy was again instituted. 

The authors concluded that chloram- 
phenicol was superior to the earlier forms 
of treatment. They also concluded that at 
this time it was impossible to decide which 
of the two new antibiotics, i. e., chloram- 
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with aureomycin and _ twenty-five who 
received chloramphenicol, the diagnosis was 
proved culturally in only one instance.*’ 
Gonorrhea. During the work of the Army 
research team in Malaya one of the volun- 
teers in a scrub typhus chemoprophylactic 
test developed acute gonorrheal urethritis 
shortly before he was due to receive his first 
oral dose of 3.0 Gm. of chloramphenicol. 
Treatment of the urethritis was delayed in 
order to see what effect the scheduled dose 
of chloramphenicol would have on the 
gonorrheal infection. ‘The discharge in this 
individual cleared within twenty-four hours 
after the drug was given. Subsequently a 
total of forty-eight Malayan males with 
acute gonorrheal urethritis were treated 
with a single oral dose of 1.0 to 1.5 or 3.0 to 
3.5 Gm. of either fermentation or synthetic 


-chloramphenicol.'!® The clinical response 


was essentially the same in each subgroup. 
Dysuria disappeared: within thirty-six hours 
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(average for the forty-eight patients) and 
discharge (as determined by the absence of 
exudate on stripping) within forty-nine 
hours. Smears of the discharge with few 
exceptions were free of gonococci by the 
next day and leukocytes generally were 
absent from the discharge in those instances 
in which this sign persisted longer than 
forty-eight hours. Ten patients, or approxi- 
mately 20 per cent of this entire series, had 
relapses during the month following treat- 
ment. There was no apparent difference in 
the number of recurrences in the various 
subgroups. All patients with relapses were 
treated with a single oral 3.0 Gm. dose 
of chloramphenicol and all responded 
satisfactorily. 

The authors were of the opinion that the 
therapeutic results in this infection com- 
pared favorably with those obtained by 
other methods of therapy. They pointed out 
that chloramphenicol appeared to have 
limited effect in experimental syphilis in 
rabbits and that their results in two patients 
with syphilitic chancres were essentially 
comparable to those reported in infected 
rabbits. Therefore, it seemed possible that 
doses of chloramphenicol which were ade- 
quate to cure the Neisserian infection might 
not suppress a syphilitic infection which 
was in the incubation period. 

Other Bacterial Infections. ‘There are a 
number of reasons why chloramphenicol 
should be of value in the treatment of 
urinary tract infections. In the first place, 
larger amounts of antibiotic are found in 
the urine than in the blood. Secondly, many 
of the bacteria commonly found in urinary 
tract infections are readily inhibited by the 
antibiotic. Chittenden and his co-workers** 
found that the urine of infected patients 
became free of bacteria within a day or so 
after chloramphenicol treatment was in- 
stituted in the form of 1.0 to 3.0 Gm. daily. 
These workers emphasized that compli- 
cating factors which interfere with urinary 
flow must be corrected if the infection is to 
be permanently controlled. 

The causal organisms of a number of bac- 
terial diseases of man are susceptible to 
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chloramphenicol. Although reports of the 
use of this new antibiotic in the treatment 
of patients with these diseases have not yet 
appeared in the literature, they will be 
awaited with interest. Some of these infec- 
tions are whooping cough, influenzal menin- 
gitis, Friedlander’s pneumonia, plague, 
bacillary dysentery, cholera, melioidosis and 
perhaps even tuberculosis. 


CHLORAMPHENICOL IN OTHER INFECTIOUS 
DISEASES OF MAN 


One published report has appeared on 
the use of chloramphenicol in a patient with 
atypical pneumonia associated with the 
development of cold agglutinins.*® The 
results of future experience in the therapy 
of this disease must be awaited before any 
conclusions are warranted. It will be 
recalled that atypical pneumonia is a 
clinical syndrome having a variety of 
etiologic agents but that the causal agent 
of the disease associated with the cold 
agglutination phenomenon has not been 
transmitted to animals.*® Chloramphenicol 
is effective against R. burneti and the virus 
of psittacosis, both of which may produce 
pulmonary disease indistinguishable from 
primary atypical pneumonia of unknown 
etiology. Therefore, in future studies it will 
be important to employ all of the available 
diagnostic procedures in order to establish 
the etiology of each case of treated atypical 
pneumonia. 

The experimental infections with the 
virus of lymphogranuloma venereum, which 
is Closely related to the agent of psittacosis, 
are readily controlled by chloramphenicol. 
It is to be expected that the drug will prove 
of value in treating human disease caused 
by this virus. 

Another of the venereal diseases, 1. e., 
granuloma inguinale, appears to respond to 
chloramphenicol. Greenblatt and his asso- 
ciates‘! reported good results in five patients 
with this infection who received 20 Gm. of 
drug over a period of five to ten days. 
Donovan bodies were no longer demon- 
strable in the lesions a few days after therapy 


was begun. 
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Chloramphenicol has some in vivo effect 
on several members of the family Trepo- 
nemataceae. Whether it will be of value in 
the treatment of patients with relapsing 
fever or with syphilis remains to be seen. 
The Army group in Malaya!® observed two 
patients with primary syphilis in whom the 
spirochetes disappeared and the primary 
lesion healed after several days of oral 
therapy. However, both of these individuals 
developed recurrent lesions at the sites of 
the original chancres about a month later. 
In view of the efficacy o1 established 
-methods of antiluetic treatment, studies on 
chloramphenicol therapy in syphilis should 
be restricted to a few specialized centers 
until adequate evaluation is obtained. 


TOXICITY OF CHLORAMPHENICOL FOR MAN 


The presence of the nitrobenzene radical 
in the structure of chloramphenicol led to 
the suspicion that the drug might be toxic 
for the hemopoietic system. Careful observa- 
tions on a relatively large number of 
patients with scrub typhus or with typhoid 
fever who were treated with the antibiotic 
have failed to show any significant change 
in the red blood cells or white blood cells 
attributable to therapy. Furthermore, none 
of these cases has shown evidence of renal or 
hepatic involvement.'”*4 

Occasional individuals who receive large 
single doses have transient mild euphoria. 
A number of persons complain of mild 
gastrointestinal disturbances characterized 
by moderate gaseous distention and a slight 
change in the consistency of the feces for a 
few days. A few persons, limited almost 
entirely to the group receiving drug for a 
period of a week or more, develop glossitis. 
This is characterized by tenderness, hyper- 
emia and marked prominence of lingual 
papillae. Glossitis continues during the 
period of therapy and for a few days after 
the drug has been stopped. After prolonged 
administration of the antibiotic pruritus ani 
has been noted in a few instances. ‘? 

No serious toxic manifestations have 
occurred as a result of chloramphenicol 
therapy. In fact, the untoward reactions so 
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far observed have been minor in character. 
It must be realized, however, that the drug 
is only now coming into wide usage and 
careful search for such manifestations should 
be continued. 


CONCLUSIONS 


Chloramphenicol is a highly effective 
therapeutic agent against a number of 
infectious diseases of man. Among these the 
rickettsial diseases, typhoid fever, brucel- 
losis and gonorrhea are presently in the 
foreground. 

The drug has potential usefulness against 
other diseases caused by a wide variety of 
etiologic agents. 

It is worth while to compare the experi- 
mental data summarized in this article with 
those dealing with aureomycin.** Both 
antibiotics are amazingly similar in their 
therapeutic effectiveness in a wide range of 
infections. Despite these similarities the two 
are not identical. The chemical structure 
of chloramphenicol is simple and the drug 
has been synthesized on a commercial 
scale; neither of these points applies to 
aureomycin. Chloramphenicol is a specific 
for typhoid fever while aureomycin is not. 
Neither drug appears to be dangerously 
toxic but annoying reactions are more fre- 


' quent following aureomycin than chloram- 


phenicol. The medical world is fortunate in 
having acquired within the past two years 
two such valuable antibiotics as chloram- 
phenicol and aureomycin. It is safe to 
assume that the limits of application of both 
of these have not yet been reached. 
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Case Reports 


Tetanus Following Dental Extraction’ 


DwiGHT GRISWOLD, M.D. and ALBERT C. HERRING, M.D. 
New York, New York 


ETANUS is a rare disease in north- 
eastern United States. In 1937 
Huntington, Thompson and Gor- 
don' collected only 642 cases from the 
records of eighteen hospitals situated in this 
area. During the peacetime period of 1920 
to 1929 the United States Army with an 
average strength of 130,000 men reported 
eight cases.” Between 1939 and 1943 there 
were 3,105 deaths from tetanus in the 
United States.* The average annual mor- 
tality was 621. At this hospital there have 
been only five cases in 219,408 admissions 
during the past twenty-five years. Of the 
four previous cases two occurred in 1923, 
one in 1925 and one in 1943. There was one 
death. 

The low incidence of tetanus contributes 
to the difficulty in diagnosis. Vinnard* 
reported that in his series of 352 patients 
treated at the Charity Hospital in New 
Orleans between 1934 and 1944 twenty-six 
cases were not diagnosed at first. Of this 
series fourteen were admitted to the hospital 
for one to seven days before the correct 
diagnosis was made. 

Following the development of clinical 
signs of tetanus the prognosis depends on 
early diagnosis and treatment.*’ Since 
the mortality is estimated at between 20 
and 50 per cent,*® the importance of early 
diagnosis is self-evident. 


CASE REPORT 


This was the third hospital admission of J. 
S., a sixty year old colored male complaining of 
inability to open his mouth, pain in his jaw, 
back, hips and knees. The past history revealed 
that he had a primary luetic infection at the age 
of twenty-six. For the three years previous to 


admission he had been treated with bismuth and 
arsenicals at another institution. Spinal serology 
was negative in 1932. The patient’s first admis- 
sion was in 1936 with the diagnosis of syphilitic 
aortitis and mild cardiac decompensation. His 
second admission occurred in 1937 with the 
diagnosis of syphilitic aortitis, alveolar abscesses, 
treatment for an error in refraction and extrac- 
tion of two teeth. Spinal serology was negative. 
Since 1937 he had been followed in the cardiac 
clinic with minimal symptoms and _ physical 
findings. In September, 1946, he appeared at 
the dermatology clinic with a hemostatic ulcer 
of his left lower leg secondary to varicose veins. 
By August 1, 1947, it had been considered healed 
but he was still being treated with 1 per cent 
ichthyol and Lassar’s paste at the time of 
admission. 

Thirteen days before admission the patient 
had the upper left second molar extracted using 
novocain anesthesia. Six days before admission 
he reported not feeling well and complained of 
a head cold. Four days before admission and 
nine days following the extraction the patient 
appeared at the out-patient department com- 
plaining he could not talk. His jaw could be 
opened 1 cm. No tenderness was found on ex- 
amination. There was no Chvostek sign. Deep 
reflexes were normal. It was noted that the 
masseter muscles seemed to go into spasm on 
attempted opening of the jaw. The patient was 
seen again that afternoon when it was observed 
that his jaw appeared swollen about the tem- 
peromandibular joint. It was thought that he 
had a subperiosteal abscess. Surgical consulta- 
tion was obtained. His temperature was 99.6° 
orally. ‘There was no local tenderness nor any 
cervical lymphadenopathy. 

Three days before admission and ten days 
following the dental extraction he returned to 
the out-patient department where no oral lesion 
was found to warrant trismus. There were 
several abrasions of the tongue. Although his 


* From the Department of Medicine, St. Lukes Hospital, New York, N. Y. 
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bite was very powerful, his jaw could be opened 
wide with a tongue depressor. His condition was 
considered emotional. Two days before admis- 
sion he was seen again at the out-patient depart- 
ment. Trismus was still present and poor co- 
ordination of his legs was noted. During the 
three days prior to admission he experienced 
progressive stiffness of his back and legs, with a 
developing opisthotonos, constipation and in- 
ability to void. 

He was admitted by ambulance in severe 
trismus and extreme opisthotonos. There was no 
history of convulsions. A tongue depressor could 
not be forced between his teeth. He experienced 
difficulty in respiration and breathing was 
stertorous. There was no history of any cut, 
puncture wound, splinter or other such portal 
of entry, nor did physical examination reveal 
any such evidence. He was admitted with the 
diagnosis of tetanus. On physical examination 
the patient was seen to be a fifty year old 
colored male in acute distress and in severe 
opisthotonos. Temperature was 99.4°, pulse 80 
and respiration 20. He was able to speak only 
with difficulty and bloody mucus ran from 
between his teeth. Periodic generalized tonic 
convulsions, lasting ten to fifteen seconds, began 
shortly -after his admission to the ward. Risus 
sardonicus was present. Trismus prevented in- 
sertion of a tongue depressor blade to open the 
jaw forcibly more than a }4 cm. By retracting 
his cheek and inspecting the tongue from the 
side where his teeth were missing the tongue 
appeared bloody and lacerated. The site of the 
dental extraction was poorly visualized because 
of the trismus and bloody mucus. Forcing the 
jaw open caused masseter spasm. His neck was 
rigid and hyperextended. There was no cervical 
lymphadenopathy. His heart rate was slow and 
regular. There were no murmurs or enlarge- 
ment of the heart. On examination of his ab- 
domen there was generalized resistance, and 
some tenderness was present in the lower aspect 
of the right rectus muscle. There was stiffness 
and rigidity of the lower extremities. On passive 
motion the knee and hip joints could be moved 
forcibly but incompletely. On the anteromedial 
aspect of the lower third of the left leg there was 
a shallow ulcer 4% cm. in diameter with a 
granulating base. Deep reflexes were 2-+- and 
bilaterally equal and active. Babinski reflexes 
were negative. 

Laboratory data were as follows: Urine analy- 
sis revealed a specific gravity of 1.009; albumin, 
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negative; sugar and microscopic examination, 
negative. Hemoglobin was 14.9 Gm., 100 per 
cent, with 9,000 white blood cells, polymorpho- 
nuclear cells, 78 per cent, and lymphocytes, 
22 per cent. The white blood count rose to 
12,900 on his sixth hospital day but then re- 
turned to normal. Mazzini and Kolmer tests 
were 4+ positive. Urea nitrogen was 8.4 mg. 
per cent; sugar, 96 mg. per cent; calcium, 
10 mg. per cent; phosphorus, 3.7 mg. per cent; 
alkaline phosphatase, 1.3 Bodansky units per 
cent; total proteins 6.8 Gm. per cent, with the 
albumin 3.9 Gm. per cent and globulin 2.9 Gm. 
per cent. The sedimentation rate was 28 mm. 
on admission, rose to 65 mm. by the nineteenth 
day and returned to normal at the time of his 
discharge. Cultures from the dental extraction 
site and leg ulcer were negative for tetanus 
bacilli. Spinal fluid was clear; it showed 5 cells 
per cc., 3 being red blood cells and 2 white blood 
cells. Spinal fluid protein was 70 mg. per cent. 
There was no serology report. Guinea pig test 
for tetanus using the spinal fluid was negative. 
A chest plate showed slight left ventricular 
hypertrophy of the heart and a moderately 
tortuous but not dilated aorta. Electrocardio- 
gram showed normal rhythm, left axis devia- 
tion and ventricular ectopic extrasystoles. 

A lumbar tap was attempted the night of 
admission but it was unsuccessful because of 
extreme opisthotonos. A large pillow was placed 
under his arched back for support. 

He was immediately given tetanus antitoxin 
40,000 units intravenously, soluble phenobarbital 
4 gr., morphine sulfate 1 gr. and penicillin 
30,000 units intramuscularly. Following this he 
received tetanus antitoxin 40,000 units intra- 
venously every six hours, with soluble pheno- 
barbital 2 gr. every six hours and penicillin 
100,000 units intramuscularly every three hours. 
During this time he was given sedatives to 
control his spasms but not so deeply as to give 
him respiratory depression. 

On the morning following admission it was 
noted he was worse. He was unable to talk be- 
cause of the trismus and sore tongue. A neuro- 
surgical consultation was obtained and a lumbar 
tap was performed by a lateral approach to the 
spinal canal. Normal manometrics and clear 
fluid were found. Tetanus antitoxin 20,000 units 
were instilled, the only time this route of ad- 
ministration was used. The patient was main- 
tained on parenteral fluids daily: 1,500 cc. 5 per 
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cent glucose in normal saline, amigen 1,000 cc. 
and vitamins. 

During his first hospital day he experienced 
several generalized tonic spasms lasting -thirty 
to forty-five seconds and characterized by 
twitching of the facial and cervical muscles, 
tightening of the lips, blowing of blood-tinged 


foam from the mouth and general rigidity. Suc-. 


tion was used at this time since his mouth could 
be opened about 1 cm. 

Neurologic consultation confirmed the diag- 
nosis of tetanus. On surgical consultation it was 
noted one could get tetanus from a superficial 
crusted area, but that this patient’s leg ulcer 
was not crusted and thus seemed an unlikely 
portal of entry. On dental consultation it was 
noted that the socket appeared to be healing 
satisfactorily. 

By the night of his first day he had received 
120,000 units of antitoxin intravenously and 
20,000 intrathecally. On the morning of his 
second day, while trying to void, he experienced 
tonic contraction of the muscles with increased 
opisthotonos and generalized rigidity lasting 
forty-five seconds. He was catheterized and 700 
cc. of urine were obtained. By his second day he 
had shown some improvement. He could open 
his mouth 1 inch and there was a reduced 
amount of temperomasseter spasm following 
forced opening of the mouth. He had a fever of 
101°r. during this time. His leg ulcer had healed 
so that no more than the admission culture was 
obtained. 

By the third day two fingers could be inserted 
into his mouth. He could talk better and could 
flex his head slightly on passive motion. The 
opisthotonos had cleared. At the end of the third 
day he had received 440,000 units of antitoxin 
intravenously. By the end of the fourth day this 
amounted to 520,000 units when the dosage by 
this route was stopped and he was given 5,000 
units intramuscularly daily for only the follow- 
ing three days. By the sixth day he was taking 
a high calorie fluid diet, he could be gatched up 
in bed and he could turn himself in bed without 
assistance. His tongue was treated with gentian 
violet. On the seventh day he could place his 
chin within two fingers of his sternum. His 
main complaint was of a sore tongue. 

On his tenth and thirteenth days he received 
1,500 units of antitoxin intramuscularly which 
ended the course of treatment with the antitoxin. 
With reduction in sedation the patient became 
more alert on his tenth hospital day. By the 
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eleventh day his chin could be moved to the 
sternum and he could feed himself. By the 
thirteenth day he complained only of weakness 
and also of continued soreness of his tongue. 
There was no remaining spasticity of his muscles. 
Reflexes were physiologic and equal but co- 
ordination of the fingers was poor. He was 
started on physiotherapy. By the fourteenth day 
he was allowed up progressively. At this time 
penicillin was stopped. From this point on he 
showed both subjective and objective improve- 
ment. His sedimentation rate reached its maxi- 
mum level of 65 mm. on the nineteenth day but 
dropped to 25 mm. at the time of discharge. 

His total tetanus antitoxin dosage had been 
520,000 units intravenously, 23,000 units intra- 
muscularly and 20,000 intrathecally, an over-all 
total of 563,000 units. He experienced no serum 
sickness. 

Finally on the thirtieth hospital day he was 
discharged to the convalescent home. 


COMMENTS 


Three of Vinnard’s fourteen patients 
admitted to the Charity Hospital were 
initially diagnosed as cases of hysteria, as 
was our patient in the clinic. But in hysteria 
self-traumatization is rarely carried to the 
point of painful laceration of the tongue. 

The history, physical findings and course 
of our patient leave no doubt as to the 
diagnosis despite negative cultures. Cultur- 
ing of the tetanus bacillus is often unsuccess- 
ful®:* and negative results do not eliminate 
the diagnosis; neither does a negative guinea 
pig test rule out the diagnosis. 

The portal of entry presented a peculiar 
problem. The patient had experienced none 
of the classical traumas associated with 
portals of entry. He had had a leg ulcer 
secondary to varicose veins for thirteen 
months, but this had been improving under 
treatment and on admission it appeared as 
a small, shallow, granulating ulcer which 
after bed rest and administration of peni- 
cillin healed within forty-eight hours. We 
are left with the history of a dental extrac- 
tion nine days before the onset of trismus. 
In our opinion this time relationship is more 
than a mere coincidence since the incuba- 
tion period of six to twelve days is the most 
frequently encountered in tetanus.*!° 
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Although tetanus following dental ex- 
tractions is relatively rare, it has been re- 
ported. Graves’ in his report on 813 cases 
found three following dental extraction. 
Appleton" in 1933 found only three other 
cases reported in the literature. 

In this case the portal of entry was the 
tooth socket. It is interesting on two ac- 
counts: First, because such a portal is 
relatively rare; second, because the fact 
that there had been an extraction so 
clouded the clinical picture that the correct 
diagnosis was delayed. 

Treatment was carried out conservatively 
as outlined in recent papers.‘ *!? Tetanus 
antitoxin was given intravenously every six 
hours so that by the fourth day he had 
received 520,000 units. Restlessness and 
tonic convulsions were adequately con- 
trolled by phenobarbital given parenterally. 
Penicillin was given to ward off secondary 
infection, particularly hypostatic and as- 
piration pneumonia, not as therapy specific 
for the tetanus bacillus. There is contro- 
versy as to its specificity, most of the evidence 
pointing toward its being significant only 
against secondary infection.* Supportive 
measures were also considered important. 
Parenteral fluids and vitamins were given. 
He was turned frequently. Constipation 
and urinary retention were treated. 

The patient’s respiratory distress was 
controlled by sedation which never reached 
the point of danger so that the use of curare 
was not thought to be warranted.'*'® Ina 
careful study of the use of curare in tetanus 
Adriani and Ochsner" concluded that the 
dosage needed to initiate significant muscu- 
lar relaxation was not adequate until com- 
plete curarization was attained. They found 
that respiratory depression and obstruction 
were difficult to avoid. 


SUMMARY 


A case of tetanus is presented. Evidence 
is given to support the thesis that the site 
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of a dental extraction was the portal of 


entry. 
Treatment is briefly discussed. 
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Loeffler’s Syndrome with Associated 
Eosinophilic Polyserositis’ 


HELEN A. DickiE, M.D. and ELIZABETH GRIMM, M.D. T 


Madison, Wisconsin 


ASE reports of the syndrome first 
( described by Loeffler in 1932 have 

been numerous in European but 
relatively infrequently encountered in the 
British and American literature. The cur- 
rent concept of the pathogenesis of the 
syndrome ascribes it to hypersensitivity and 
suggests that involvement of any tissue may 
be a feature. Because of the apparent rarity 
of associated pericarditis with effusion, this 
case was considered of unusual interest. 


CASE REPORT 


Mrs. D. S., a thirty-seven year old white 
married housewife, was admitted to the Wis- 
consin General Hospital on April 18, 1947, 
complaining of persistent low grade fever. Her 
illness had begun during a “flu”? epidemic four 
weeks prior to admission and consisted of fatigue, 
weakness and anorexia. However, she failed 
to recover as did the rest of the family and be- 
came progressively more dyspneic and orthop- 
neic. She had drenching night sweats and a 
cough productive of about one-fourth cup of 
thick white sputum a day. Following a chest 
roentgenogram on April 7, 1947, she was 
hospitalized by her local physician and given a 
course of 1,500,000 units of penicillin. Anti- 
histaminic drugs were also used. In spite of this 
she did not improve. 

Laboratory studies at that time were signifi- 
cant in that with a total count of 11,800 leuko- 
cytes there were 30 per cent neutrophiles, 28 per 
cent lymphocytes and 42 per cent eosinophiles. 
The sputum showed no acid-fast bacilli. The 
Mantoux test was negative. The roentgenogram 
taken on April 15, 1947, showed progression of 
the infiltration in the lungs and she was referred 


Billings, Montana 


to the Wisconsin General Hospital for further 
study. 

The past medical history included two epi- 
sodes of fever, cough and other symptoms sug- 
gestive of pneumonia. The first occurred at the 
age of nineteen, shortly after the onset of 
symptoms diagnosed as “asthma” and necessi- 
tated two months of bed rest. The second, at 
the age of twenty-nine, was more severe and was 
associated with fever, pleurisy and night sweats. 
After a chest roentgenogram she was told she 
had “galloping consumption.” However, her 
sputum was reported to be negative for tubercle 
bacilli and after three months she recovered 
completely. She also gave a history of chronic 
sinusitis, giant urticaria at times and frequent 
attacks of asthma, some so severe that she re- 
quired oxygen therapy. She had had nasal 
polyps removed six or seven times. There was 
no known contact with tuberculosis. 

The family history contributed the fact that 
her mother had died of Hodgkin’s disease 
(proved by biopsy) and that her two children 
had asthma and hay fever. 

On physical examination she was small, 
slender, well developed, appeared younger than 
her stated age and looked chronically ill. The 
temperature was 99°F., pulse 100 and blood 
pressure 100/76. Pertinent physical findings 
were limited to the chest where increased 
fremitus and breath sounds, and a few post- 
tussive rales in the right upper chest were noted. 

Blood examination showed 12.9 Gm. of hemo- 
globin with 5,200,000 red cells, 11,400 leuko- 
cytes, 37 per cent of which were neutrophiles, 
16 per cent lymphocytes, 4 per cent monocytes, 
40 per cent eosinophiles and 3 per cent meta- 
myelocytes. Another leukocyte count showed a 
total of 11,950 with 45 per cent eosinophiles. 


* From the Departments of Preventive Medicine and Student Health, and Medicine, University of Wisconsin 


School of Medicine, Madison, Wis. 


t Now associated with the Billings Clinic, Billings, Mont. 
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Fic. 1. Chest roentgenogram April 19, 1947. 


Her sputum showed no tubercle bacilli or fungi 
on smear and culture. A skin test was negative 
with 1 mg. of old tuberculin. Her chest roent- 
genogram showed the heart size to be normal. 
(Fig. 1.) There was a distinct thickening of the 
hilum shadows bilaterally with a nodular ap- 
pearance on the left. There was coarse, stringy, 
infiltrative density radiating out from the left 
hilum into the lung field in the central portion 
and well marked pleural thickening over the 
upper lobe. On the right side there was a 
generalized patchy and conglomerate density 
scattered throughout the lung field. When 
compared with previous roentgenograms it was 
evident that there had been some apical thicken- 
ing and fibrosis in 1943. The pneumonic process 
demonstrated in the 1947 films was present 
chiefly on the right side and underwent con- 
siderable fluctuation with regression and recur- 
rence until the last roentgenogram dated April 
15, 1947. Since that time there had been clearing 
of the consolidation but a spread to the right 
base had occurred. 

When studied by the Allergy Department 
there were no reactions to scratch tests but on 
intradermal tests there were immediate reactions 
to grass pollen, feathers, wool, orris root, milk 
and chocolate, and delayed reactions to tree 
pollens, ragweed pollen, molds, rabbit hair, 
house dust, pork and egg. Bacterial vaccines 
showed large reactions. 
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Fic. 2. Chest roentgenogram June 3, 1947. 


It was believed at this time that the patient 
had Loeffler’s pneumonia and she was dis- 
charged on April 24, 1947, with the recom- 
mendation that contact with the forementioned 
substances be avoided and desensitization to 
house dust, bacterial vaccine and co-seasonal 
pollen be attempted. 

The patient was readmitted on May 22, 1947, 
complaining of pain in the neck, a change in 
voice and difficulty in swallowing which had 
developed abruptly one week before. The 
following day she developed soreness over the 
precordium and an aching pain in the left arm. 
Usually the pain was increased on motion and 
change of position. The pain radiated to her 
back and at times was so severe that she could 
be comfortable only when sitting up and leaning 
forward. She had been conscious of a more 
rapid heart rate. 

The physical examination revealed an anxious 
but not acutely ill white female who preferred to 
lie on her left side. ‘The temperature was nor- 
mal, pulse rate 134 and blood pressure 90/70. 
The area of cardiac dullness was increased, the 
heart tones were distant and a pericardial fric- 
tion rub was heard. There were scattered 
musical rales throughout the chest. There was 
epigastric tenderness but the liver edge was not 
palpated. No paradoxical pulse could be 
demonstrated. 

Again the eosinophiles varied from 20 to 47 
per cent in a total of 7,650 to 11,500 leukocytes. 
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Fic. 3. Electrocardiogram. 


The chest roentgenographic and fluoroscopic 
examinations confirmed the clinical impression 
of pericardial effusion. (Fig. 2.) The electro- 
cardiogram was of the pattern noted in peri- 
carditis. (Fig. 3.) 

Two diagnostic pericardial aspirations were 
done and 150 cc. of slightly blood-tinged fluid 
was removed on each occasion. Of the 3,000 
leukocytes per cu. mm. of this fluid, 69 per cent 
were eosinophiles. The erythrocyte count in 
the fluid was 71,000 per cu. mm. Cultures of 
this fluid were negative on aerobic and anaerobic 
media as well as for tubercle bacilli. Agglutina- 
tions for B. abortus, B. tularense and B. typhosus 
on this fluid were likewise negative. 

A sputum smear showed numerous eosino- 
philes. A skin test with coccidioidin was negative. 
The chest roentgenogram showed the cardiac 
enlargement consistent with pericardial ef- 
fusion and a small left pleural effusion. At this 
time the pulmonary parenchyma was essentially 
normal on the right and considerably less in- 
volved on the left than previously. 

On the fifteenth hospital day the patient had 
a sudden sharp pain in the left calf. This was of 
relatively short duration and she did not report 
it until the following day. At that time there was 


= 1G. 4. Chest roentgenogram October 6, 1947. 


evidence of venous thrombosis with swelling, 
discoloration and tenderness on pressure over 
the calf and the inner aspect of the left thigh. 
She was treated with heparin and then Dicumarol 
and the symptoms subsided promptly. On dis- 
charge from the hospital June 22, 1948, the 
pericardial friction rub had been absent for 
several days and the chest roentgenogram 
showed only slight cardiac enlargement. The 
pulmonary parenchymal densities had cleared 
almost completely. 

On July 10, 1947, she was seen as an out- 
patient. Her symptoms were again suggestive 
of recurrent pericarditis. ‘There was no recog- 
nized pericardial rub, but fluoroscopic examina- 
tion showed increase in the size of the cardiac 
silhouette consistent with a small pericardial 
effusion. In the right upper lung field there were 
scattered densities. The leukocyte count was 
12,050 with 20 per cent eosinophiles. 

In October, 1947, the patient was seen by Dr. 
A. M. Olsen of the Mayo Clinic. He wrote that 
sputum cultures were again negative for tubercle 
bacilli as well as for pathogenic fungi. Tubercu- 
lin, coccidiodin and histoplasmin skin tests were 
all negative. The chest roentgenogram at that 
time revealed bilateral upper lung field densi- 

es. The cardiac silhouette was larger than on 
the chest roentgenograms of April, 1947, but 
was not diagnostic of pericardial effusion. (Fig. 
4.) The left vocal cord was paralyzed. 
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Failure to obtain any symptomatic relief from 
the treatment outlined prompted this patient 
to go to Arizona. A recent report from the 
patient’s referring physician stated that she had 
not improved and was bedridden. 


COMMENT 


This patient had three illnesses which 
were in all probability recurrent episodes 
of Loeffler’s pneumonia. During the first 
two experiences complete resolution oc- 
curred and no residual pulmonary damage 
was evident clinically or by roentgen study. 
In the third episode, the onset was similar 
and for a period of time the changes were 
limited to the lungs. The changes were 
reversible at this time as evidenced by the 
complete clearing and then recurrence of 
the parenchymal infiltrates. The serous 
membrane involvement was evident in the 
pericardium and pleura. The pericardial 
effusion subsided. However, because of 
the subsequent course characterized by 
continued difficulty in breathing without 
asthmatic episodes, it is suggested that 
constrictive pericarditis had developed. 
Unfortunately, we have not had the op- 
portunity of repeating the examination. 
The appearance of thrombophlebitis with- 
out recognized cause leads to the impression 
that it was due to vascular damage from the 
same allergic stimulus. A muscle biopsy was 
not obtained so that morphologic changes in 
blood vessels could not be demonstrated. 

This patient’s course is very similar to that 
of several others reported by Harkovy. His 
report deals with sixteen cases, fifteen of 
which were suffering from typical bronchial 
asthma. The attacks of asthma were accom- 
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panied by pulmonary lesions and reactions 
of serous membranes, including pleura, 
pericardium and peritoneum. The fluids 
from these serous cavities were sterile and 
the eosinophile content was very high. The 
peripheral blood showed eosinophilia in 
all cases. Four of the sixteen that came to 
autopsy were characterized by thickening 
of the intima of small vessels, necrotizing 
arteritis, endoarteritis obliterans and fibros- 
ing arteritis in the lungs, serous membranes, 
myocardium and other organs. The variety 
of clinical syndromes presented is explained 
by the number of “‘shock”’ tissues that may 
be involved, either by a reversible or irre- 
versible process. The allergic nature of this 
patient’s illness is suggested by the long 
history of bronchial asthma, nasal polyposis, 
urticaria and the allergic state of her two 
children. The eosinophilia in the peripheral 
blood and the pericardial fluid is further 
evidence of the allergic nature of her disease. 


CONCLUSION 


A case of pneumonia associated with peri- 
cardial effusion and venous thrombosis is 
reported. That the various features of this 
patient’s illness were due to hypersensitivity 
is supported by the history of bronchial 
asthma and the discovery of eosinophilia in 
the blood, sputum and pericardial fluid. 
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Kala-azar’ 


With Special Studies of Bone Marrow and Lymph Nodes 


WILLIAM J. SENTER, M.D., 
Raleigh, North Carolina 


HAROLD SUTKER, M.D. and HORTENSE ELTON GARVER 
Atlanta, Georgia 


ALA-AZAR (visceral leishmaniasis) is 
K a tropical disease that was rarely 
seen in this country before World 
War ul, only eight cases having been re- 
ported in the United States.*~* It has been 
estimated by Most?® that fifty to seventy-five 
cases occurred in American personnel dur- 
ing the recent war. Many more cases may 
manifest themselves during the next few 
years. The disease should be of interest to 
physicians who care for veterans, particu- 
larly as there is available specific therapy 
which dramatically alters the high mortality 
rate of untreated patients. 

This report presents an instance of kala- 
azar in a veteran of the North African, 
Sicilian and Italian .campaigns. He had 
been treated as a case of malaria for over 
two years before the proper diagnosis was 
established. A detailed study of bone mar- 
row biopsy is included to demonstrate the 
high incidence of parasitized cells in the 
reticuloendothelial system and to empha- 
size the diagnostic value of this procedure. 


CASE REPORT 


W.A.N., a twenty-eight year old white male, 
a World War 11 veteran, was admitted to the 
Lawson Veterans Administration Hospital on 
October 27, 1947, complaining of fever, weak- 
ness, distention of the abdomen and weight loss 
of 25 pounds. In July, 1944, while in Southern 
Italy, he developed generalized aching, chills, 
fever and headaches. He was admitted to an 
Army hospital where malarial parasites were 
said to have been found on blood smear and 


quinine therapy was instituted. His symptoms 
improved and after eight days he was dis- 
charged. Two weeks later he returned to the 
hospital with similar complaints. Although re- 
peated examinations for malarial parasites were 
negative, he was given antimalarial therapy 
and improved again, but he continued to run 
a low grade fever after returning to duty. In 
July, 1945, there was a mild reappearance of 
symptoms that did not require treatment or 
hospitalization. He was returned to the United 
States in August of that year and was separated 
from the service. Episodes of malaise, gen- 
eralized aching, chills and fever occurred in 
November, 1945, November, 1946, March, 1947 


and June, 1947. On two occasions he received 


further antimalarial therapy although malarial 
parasites were not demonstrated. During the 
two years before admission he had noted 
progressive weakness and weight loss although 
he maintained a fairly good appetite in periods 
of remission. He first noted dyspnea, pedal 
edema and brownish discoloration of the skin 
(forehead and face) in October, 1946. Several 
months before admission a physician told him 
he had an enlarged spleen. | 

The patient appeared chronically ill, with 
evidence of marked weight loss. The abdomen 
was markedly protuberant. The temperature 
was 101°F., pulse 100, respirations 20, and blood 
pressure 130 mm. of mercury systolic and 
80 mm. diastolic. A diffuse brownish pigmenta- 
tion of the forehead and face was noted. There 
was discrete generalized lymphadenopathy. 
The liver and spleen were greatly enlarged, 
firm but non-tender, and there was flaring of 
the costal margins. The over-all liver dullness 
in the mid-clavicular line measured 25 cm., the 
splenic dullness in the anterior axillary line 


* From the Medical Service, Lawson Veterans Administration Hospital, and the Department of Medicine, Emory 
University School of Medicine, Atlanta, Ga. 
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18 cm. There was no ascites. Aside from moder- 
ate pedal edema there were no other significant 
physical findings. 

Laboratory data were as follows: The red 
blood cell count was 3.1 million per cu. mm. 
and the blood hemoglobin concentration was 


showed 40.5 units and the cephalin-flocculation 
test was reported as 3 plus in forty-eight hours. 
The urinalysis showed a specific gravity of 
1.021, negative tests for sugar and albumin and 
a rare white blood cell in the urinary sediment. 
Stool specimens contained Hymenolopsis nana 
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Fic. 1. Outline of the temperature, protein studies and leukocyte counts in a 


case of kala-azar. 


8.2 Gm. per 100 cc. The packed red cell volume 
was 30 per cent, the mean corpuscular volume 
96 cubic micra, mean corpuscular hemoglobin 
26 micro micrograms and mean corpuscular 
hemoglobin concentration 27.3 per cent. The 
reticulocyte count was 4.4 per cent. Examination 
of the blood smear showed excessive rouleaux 


formation, anisocytosis and poikilocytosis. The 


white blood cell count was 4,000 per cu. mm., 
with a differential count of 35 per cent meta- 
myelocytes, 31 segmented neutrophils, 29 per 
cent lymphocytes, 4 per cent monocytes and 
1 per cent eosinophils. Subsequent blood counts 
showed from 3,000 to 4,000 white blood cells 
with 2 to 8 per cent plasma cells. ‘The coagula- 
tion and bleeding times were normal and the 
prothrombin time matched the normal control 
diluted to 30 per cent with physiologic saline. 
The blood sedimentation rate was 29 mm. in one 
hour (Wintrobe). The blood Kahn was nega- 
tive. Serum agglutination studies for typhoid 
“O” and paratyphoid “A” and 
brucella, heterophils antibody and Proteus 
OX-19 were negative. Blood chemistry analy- 
ses included a markedly positive formol gel 
reaction, total serum protein of 9.8 Gm. per 
100 cc. with 7.4 Gm. of globulin and 2.4 Gm. 
of albumin. The thymol turbidity reaction 
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and Trichuris trichiura. The spinal fluid pres- 
sure and dynamics were normal, total protein 
26 mg. per cent, sugar 64 mg. per cent, globulin 
slightly increased, Kolmer-Wassermann nega- 
tive and colloidal gold curve 5554210000. 

Leishmania donovani were demonstrated in 
bone marrow and lymph node biopsies. 

Following the establishment of a diagnosis of 
kala-azar, an intravenous dose of 0.2 Gm. 
ethylstibamine (neostibosan) was administered. 
Thereafter a daily dose of 0.3 Gm. was given 
intravenously for seventeen days (total dosage of 
5.0 Gm.). There was no change in the fever until 
the twelfth day of therapy when the patient’s 
temperature returned to normal. He was given 
a regular hospital diet and no other therapy. 
Subsequent white blood cell counts and blood 
protein studies are shown in Figure 1. The 
patient remajned in the hospital for forty-eight 
days. During this time there was a gradual 
improvement and the liver and spleen decreased 
in size. 

In February, 1948, the patient was re-ad- 
mitted with uncomplicated pneumococcal lobar 
pneumonia. At that time the pigmentation on 
his face and forehead had cleared completely. 
The liver and spleen had returned to normal 
size and he had gained 25 pounds in weight. It 
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Fic. 2. Wright’s stai 
macrophage. 


Fic. 3. Higher magnification of macrophage in bone marrow containing Leishmania donovani. With 
Wright’s stain the parasites show pale blue cytoplasm, dark purple nucleus and brilliant dot-like 
kinetoplast. Two extracellular parasites appear at upper left. 

Fic. 4. Wright’s stained serum spread of lymph node showing macrophage filled with parasites. 
Fic. 5. Histologic section of lymph node stained with phyloxine-methylene blue showing parasites 
appearing as inclusion bodies in the cytoplasm of a macrophage. 


is of interest to note that he had a leukocytosis 
of 14,650 on this admission. He was discharged 
asymptomatic and appeared entirely recovered 
when last seen in April, 1948. 

Sternal bone marrow was obtained by surgical 
trephine and aspiration and two lymph nodes 
were removed from the epitrochlear region. 
Serum spreads were prepared from small por- 
tions of the curetted marrow and stained with 
Wright’s stain, Giesma and Papanicolaou’s 
stain. Numerous Leishmania donovani were 
demonstrated in the cytoplasm of macrophages, 
metamyelocytes and occasionally in segmented 
neutrophils in all preparations. (Figs. 2 and 3.) 
It is estimated from the differential and total 
cell counts’® shown in Table 1 that 22,560 para- 
sitized cells were present per cu. mm. of marrow. 
Smears made from heparinized blood aspirated 
from the marrow showed only a rare parasitized 
cell. Many parasites were found extracellularly 
appearing as small ‘“‘torpedo’” forms. Serum 
spreads, made from scrapings of the cut 
surface of the lymph node and stained with 


Wright’s stain, 
macrophages. 

Histologic preparations of bone marrow and 
lymph node were fixed in Zenker’s solution with 
5 per cent acetic acid and stained with phy- 
loxine methylene blue. In the preparations the 
parasites appeared much smaller than in serum 
spreads of the bone marrow but could be 
recognized under oil immersion as small dot- 
like inclusion bodies in the cytoplasm of macro- 
phages. (Figs. 4 and 5.) The bone marrow 
showed generalized hyperplasia of both myeloid 
and erythroid elements. The megakaryocytes 
were markedly increased but only a few ap- 
peared to be producing platelets. This finding 
has been described by Cartwright.'! The most 
striking abnormality was the large number of 
plasma cells (15.8 per cent) and parasitized 
macrophages (3.2 per cent). It is interesting 
that more neutrophils were parasitized than 
macrophages, but in the former the morphology 
of the parasite was distorted. The differential 
bone marrow count is shown in Table 1. 


revealed many parasitized 


AMERICAN JOURNAL OF MEDICINE 


bf bone marrow showing Leishmania d i lfed b 


Kala-azar—Senter et al. 697 


TABLE | 
HEMATOLOGIC FINDINGS IN BONE MARROW 
Heparin- 
Curetted ized 
Marrow | Sinusoidal 
Blood 
per cu. | per cu. 
mm. 
Total nucleated cell count...... 705,000 14,000 
Myeloid leukocytes......... 305,970 
Nucleated erythrocytes... .... 177,660 
Macrophages and monocytes..| 56,400 
111,390 
Lymphocytes............... | 38,775 
Megakaryocytes............. 14,805 
705,000 
Macrophages containing para- 
Neutrophils containing para- 
Reticulocytes, per cent......... 14 
Erythroid-myeloid ratio........ 1 to 1:7 
P Total 
No. = per 
cent 
cent 
Differential cell count (1,000 
cells): 
Reticulum cells........... 32 3.2 
Myeloblasts.............. 34 3.4 
Promyelocytes............ 59 5.9 
Neutrophilic myelocytes. .. . 75 
Eosinophilic myelocytes.. .. 14 1.4 
Neutrophilic juveniles (16 
parasitized)............ 114 11.4 
Neutrophilic bands (22 
parasitized)............ 64 6.4 
Neutrophilic segmenters (6 
parasitized)............ 32 3.2 
Eosinophils............... 10 1.0 
43.4 
Monocytes. 14 1.4 
Macrophages (32 parasitized).| 66 6.6 
8.0 
Pronormoblasts............. 4 0.4 
Basophilic normoblasts....... 83 8.3 
Polychromatophilic 
normoblasts.............. 139 13.9 
Orthochromic normoblasts. . 26 2.6 
25.2 
Plasma cells................. 158 15.8) 15.8 
Lymphocytes............... 55 5.5} 5.5 
Megakaryocytes............ 21 2.1} 2.1 


The architecture of the lymph node had been 
largely destroyed and in the section studied 
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Fic. 6. Motile, flagellated forms of the parasite stained 
with brilliant cresyl blue from fourteen-day culture 
on NNN medium. 


only one small germinal center could_be identi- 
fied. Numerous plasma cells were present in 
the medullary cords and there were many large 
mononuclear macrophages containing an abun- 
dant eosinophilic cytoplasm. Within the cyto- 
plasm of these cells small basophilic inclusion 
bodies, surrounded by a clear zone, were 
identified. 

Smears of leukocytic cream were examined 
and an extremely rare parasite was found in 
the cytoplasm of segmented neutrophils. 

Cultures on Nicolle-Novy-MacNeal medium! 
were made from the button of bone marrow, 
curetted marrow, heparinized sinusoidal blood, 
a macerated lymph node and peripheral blood 
drawn immediately following biopsy. Lepto- 
menas forms were demonstrated in all cultures 
from the tenth to the fourteenth day, with the 
exception of peripheral blood cultures which 
remained sterile. (Fig. 6.) 


COMMENT 


Kala-azar is prevalent throughout the 
world’s tropical and sub-tropical zones but 
is most common along the Mediterranean 
Sea, Central Africa, India, Burma and 
China. The etiologic agent is Leishmania 
donovani, a paratozoal organism of the 
family trypanosomidae. This organism can 
be cultured on NNN medium and grows as 
a flagellated protozoa. In the cells of the 
reticuloendothelial system, however, it ap- 
pears as a round, ovoid body measuring 2 
to 5 micra in diameter. 

The phlebotomus sandfly is generally 
considered to be the vector of kala-azar. 
The incubation period varies from a few 
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days to eighteen months.’? The charac- 
teristics of the disease are chills, fever, gen- 
eralized malaise, pigmentation of the skin, 
enlargement of the liver and spleen, and 
progressive loss of weight. The principal 
laboratory findings are leukopenia and 
hyperglobulinemia. The disease is most fre- 
quently confused with malaria. The high 
remittent fever and splenic enlargement 
common to malaria and kala-azar may 
make a differential diagnosis difficult. 
Many patients suffering from kala-azar 
have received antimalarial treatment on a 
purely empiric basis. 

The diagnosis of kala-azar may be con- 
firmed by the demonstration of the organ- 
ism in bone marrow or lymph nodes by 
smear, culture or hamster inoculation. 
Splenic puncture’® is commonly employed 
in many countries, but is not recommended 
because of the hazards involved.'*''* The 
rapid formol gel reaction is not diagnostic 
of kala-azar but is an indication of hyper- 
globulinemia which is characteristic of the 
disease. It is of interest that the spinal fluid 
in this case showed no elevation of total 
protein. 

Our bone marrow studies conform with 
those of Cartwright, Chung and Chang,’ 
and those of Rachmilewitz, Braun and 
DeVries.'® The high degree of parasitization 
of bone marrow cells is especially striking. 

It is noted that the laboratory findings of 
hyperglobulinemia, plasmatocytosis of the 
bone marrow and excessive rouleau forma- 
tion, considered characteristic of multiple 
myeloma, are found consistently in kala- 
azar. This coincidence of findings is the 
rationale for the treatment of multiple 
myeloma with stilbamidine as recently 
reported by Snapper.'’ 

It is quite possible that many cases of 
kala-azar will be found in veterans who 
served in endemic areas. Confirmatory 
laboratory tests are not beyond the scope 
of most clinical laboratories. Once the 
diagnosis of kala-azar is proven, the results 
of therapy are gratifying and the prognosis 
changes from a mortality of 90 to 95 per 
cent without treatment to 2 to 5 per cent 
with specific antimony compounds. 


Kala-azar—Senter et al. 


SUMMARY 


This report presents an instance of kala- 
azar occurring in a veteran of the North 
African, Sicilian and Italian campaigns. He 
had been treated as a case of malaria for 
over two years before the proper diagnosis 
was established. A detailed study of a bone 
marrow biopsy is included to demonstrate 
the high incidence of parasitized cells in the 
reticuloendothelial system and to empha- 
size the diagnostic value of this procedure. 
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Complete Stability... 
Outstanding Palatability... 


Syrup Choline Dihydrogen Citrate 
(Filznt) 


Continued patient acceptance of choline over prolonged 
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“Syrup Choline” (Fins 
25 per cent W/V—containing one gram of choline 


dihydrogen citrate in each 4 cc. 
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“Capsules Choline”? (Fins) 
containing 0.5 gram of choline dihydrogen citrate. 
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Lanteen Jelly contains: 
Ricinoleic Acid, 0.50%; 
Hexylresorcinol, 0.10%; 
Chlorothymol, 0.0077%; 
Sodium Benzoale and 
Glycerine in a Traga- 
canth base. 


JUST OFF THE PRESS - - 


IMPROVED METHOD OF CONTRACEPTION —a twelve-page brochure 
with five full-color anatomical illustrations — presents a complete 
description of the improved diaphragm and jelly method of con- 
traception, which, according to the A.M.A. Council on Phar- 
macy and Chemistry, offers a maximal degree of protection. 

The brochure features an improvement in contraceptive 
technique designed to give greater protection by assuring an 
adequate supply of spermatocidal jelly around the cervix, where 
it is needed most. 
Available Without Cost to the Medical Profession 
On request, Lanteen Medical Laboratories will send without 
charge: 

1. The brochure, “Improved Method of Contraception.” 

2. The full-size professional package of Lanteen Jelly. 
The unusually fine quality and construction of the Lanteen 
Diaphragm and the rapidly spermatocidal action and soothing 
effect of Lanteen Jelly are the basis for the safe and effective 


., protection afforded by the IMPROVED METHOD OF CONTRACEPTION. 


The Lanteen Diaphragm and Lanteen 
Jelly are accepted by the Council on 
Physical Medicine and the Council on 
Pharmacy and Chemistry of the Ameri- 
can Medical Association, respectively. 
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TOXIC HEPATITIS 


Considerable literature has accumulated 
attesting the importance of methionine 
to proper fat metabolism in the liver. In- 
deed, methionine has now been estab- 
lished as one of the essential lipotropic 
amino acids. In its absence, fatty degen- 
eration followed by cirrhosis tends to 
develop in the liver. Most significant, 
however, is the fact that the administra- 
tion of methionine to patients with such 
hepatic disorders has proven to be ex- 
ceedingly beneficial and even life-saving 
in many cases. Thus, in a series of cir- 
rhosis patients with ascites, only about 


Have confidence in the preparation 
you prescribe — specify “Armour” 


HEADQUARTERS FOR MEDICINALS OF ANIMAL ORIGIN 


A true metabolic corrective for 


27% were alive after two years, whereas, 
of those treated with methionine, over 
88% survived and a goodly percentage 


returned to normal activity. 


Methionine Armour 


is indicated for infectious or toxic hepa- 
titis as well as for cirrhosis of the liver. 
The dosage varies with the individual 
case and is usually between 2 and 10 
grams daily. Methionine Armour is sup- 
plied in tablets of 0.5 gram, bottles of 100. 
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first six months 


Twenty-five thousand copies of this quick 
reference service have been sold to 
doctors and pharmacists in the first six 


Marion £. Howard, M.D., F.A.C.P. eee months of publication. 


You need this book — 
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Moos To be informed on new and old drugs 
To save yourself time and trouble 
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B,, CONCENTRATE Hematopoietic (Armour) 


DESCRIPTION: An aqueous solution containing 10 micrograms of vitamin Biz per cc. 

ACTION AND USES: Effects an adequate hematopoietic response in pernicious anemia 
cases; offers a substitute for liver therapy in the treatment cf pernicious anemia | 
patients who exhibit a sensitivity to liver extract. An important adjunct to liver 
therapy in the treatment of pernicious anemia, nutritional macrocytic anemia, non- 
tropical sprue and tropical sprue. 

ADMINISTRATION: Intramuscularly, preferably in the gluteal muscle. In macrocytic 
anemia of pregnancy, 10 to 20 micrograms once a week until termination of pregnancy. 
In macrocytic anemia of infancy, 10 to 20 micrograms until blood count returns to | 
normal. In nutritional anemia dosage may vary from 6 to 100 micrograms over a 

1949 Edition 14 day period to obtain an optimal response. In most pernicious anemia cases 25 

Bound in Red Fabricoid micrograms per week results in an optimal response. 

1,200 pages, Size 2” x 6” x 9” SUPPLY: B:: CONCENTRATE—Vials, rubber-capped, 10 cc. 

Price Postpaid $12 U.S.A. — 

$14 Foreign 


Drug Publications, Inc. 
49 West 45th St., New York 19, N. Y. 4 
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"Baby Talk for a 
Good Square Meal* 


The introduction of the New Improved Biolac has met with wide professional interest. 
Made available as a product of the latest and the most modern refinements in manue 
facturing facilities, this prescription favorite is now better than ever. 


NUTRITIONALLY RELIABLE: More than ever 
complete in known nutrients (when vitamin C is 
added), the New Improved Biolac meets every 
known nutritional requirement of the infant. 

All essential fatty acids — with the volatile frac- 
tion held to a minimum — are provided by moder- 
ate amounts of especially combined fats. 

Vegetable and milk sugars — for more satis- 
factory absorption — are supplied by Biolac’s car- 
bohydrate content. Further carbohydrate supple- 
mentation is unnecessary. 

In protein content, the New Improved Biolac 
is significantly higher than that of human milk, 
yielding small, easily digested curds, less allergenic 
than those of untreated cow’s milk. 

Prophylactically high levels of such important 
mineral factors as iron, calcium and phosphorus are 
incorporated in the New Improved Biolac, together 
with vitamins A, B,, B., and D. Infant caloric re- 
quirements, too, are fully met by Biolac’s 20 cal- 
ories per fluid ounce in standard dilution. 


PHYSICALLY IMPROVED: A higher and more 
stable degree of emulsification of the New Im- 
proved Biolac — thereby facilitating digestion — 
has been brought about by the utilization of every 
refinement, and the most modern equipment, known 
to modern infant food manufacturing. 

Preparation for feeding is easily calculated; 
quickly completed — 1 fl. oz. New Improved Biolac 
to 1% fl. oz. water per pound of body weight. 


NOW, BETTER THAN EVER! The New Improved 
Biolac can be used interchangeably with the former 
Biolac which has the same percentage composition 
of nutritional factors... When you prescribe the 
New Improved Biolac (it costs no more) you may 
do so with complete confidence. Available only in 
drugstores, in cans of 13 fl. oz. 


THE BORDEN COMPANY 
PRESCRIPTION PRODUCTS DIVISION 
350 MADISON AVENUE + NEW YORK 17, N. Y. 
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4 SIGNIFICANT 
REASONS WHY 
MANY PHYSICIANS 
AND HOSPITALS 
PREFER . 


(1) PuRITY— Crystalline Penicillin G Sodium Merck is un- 
surpassed in purity. Removal of impurities and thera- 
peutically inert materials, and the absence of substances 
which may act as foreign bodies make this form of penicil- 
lin suitable for all routes of administration which may be 
indicated, including intrathecal injection. 

(2) RAPID ABSORPTION AND THERAPEUTIC EFFECT— Prompt 
absorption of the penicillin in aqueous solution permits 
rapid therapeutic action. This often is an important consid- 
eration, particularly in serious and fulminating infections. 
(3) SIMPLICITY OF ADMINISTRATION—Aqueous solutions of 
Crystalline Penicillin G Sodium Merck are easy to handle 
and inject. Pain and irritation on injection are reduced 
to a minimum. 


(4) EASY ADAPTABILITY TO THERAPY—Crystalline Penicillin 
G Sodium Merck never is contraindicated in cases in 
which penicillin itself is tolerated and indicated. 


@ We submit these four reasons for specifying Crystalline 
Penicillin G Sodium Merck when penicillin is indicated. 


MERCK & CO., Inc. Manufacturing Chemists RAHWAY, N. J. 
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@ improvement commences in 3-5 weeks 

@ Diminished frequency of bowel movements 
@ Increased stool consistency 

@ Disappearance of gross blood and mucus 


@ Sigmoidoscopic evidence of mucosal healing ? 
follows symptomatic improvement 


CRYMONASE 


a specially processed a 
whole defatted duodenal substance 


Clinically Effective in NON-SPECIFIC ULCERATIVE COLITIS — 


Clinical investigations, based on the hypothesis thot 


non-specific ulcerative colitis is the result of a deficiency of 

an intrinsic factor normally present in the intestinal 

mucosa, showed effective response following the oral administra- 
tion of defatted, desiccated duodenal mucosa. 

‘CRYMONASE is a new specially processed dyodenal substance 
whose chief action is the reduction of secretions of 

the gastro-intestinal tract and a decrease in motility. Special 
processing prevents autolysis of the substances normal 

to the raw fissues and they are retained in their natural state. 
Supplied —Tablets: Bottles of 100, 250, 500, 1000; 

Powder: 4-o0z. bottle by weight. Literature on request. 


Gill, A. M.: Proc. Roy. Soc. Med. 39: 517, 1946. 
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and now 
even 
greater 
safety 


in sulfonamide 
therapy 


A COMBINATION OF SULFACETIMIDE, 
SULFADIAZINE AND SULFAMERAZINE 


SULFACETIMIDE 


SULFADIAZINE 


SULFAMERAZINE 


The\superior clinical efficacy and ¢nhanced safety 
of triple\sulfonamide mixtures hav¢ been well established. 
bw, even greater safetyand clinical 
effectiveness Have_been achieVed by substituting 
sulfacetimide for the less desirable sulfathiazole. Sensitivity 
reactions often encountered with sulfathiazole 
are rarely observed with sulfacetimide. 


Lehr’ states that this new combination is 
“a highly satisfactory sulfonamide mixture because of its low toxicity, 
excellent tissue distribution and good therapeutic efficiency.” 


Tablets of 0.5 Gm. containing 0.166 Gm. each 


TRICOMBISUL: of sulfacetimide, sulfadiazine and sulfamerazine 
in bottles of 100 and 1000. 


1. Lehr, D.: To be published. 
*TRICOMBISUL trade-mark of Schering Corporation 
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For the treatment of 
inflammatory chest 
conditions, sprains, 


glandular swellings, 
strains, contusions... 


UMOTIZIN 


7’ TOPICAL ANALGESIC-DECONGESTIVE 


... RELIEVES PAIN 
..- REDUCES CONGESTION 


The effect of Numotizine is so prolonged 
that one application % inch thick lasts 
eight hours or more. No heating required. 


Supplied in 4, 8, 15 and 30 ox. jars. 


NUMOTIZINE, INC. 


900 N. FRANKLIN STREET © CHICAGO 
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Chronic osteomyelitis of 12 years’ duration after 
compound fractures of leg. 14 surgical procedures 
failed to close the cavity. Pain and foul-smelling 
discharge caused patient to request amputation. 


Treatment with Chloresium brought progressive 
closure of the cavity. Purulent drainage and odor 
stopped. Pinch grafts of granulation tissue at base 
were successful and cavity closed completely. : 


CHLOROPHYLL HEALED 


where other methods of treatment failed 


@ The case shown above is one of a large series 
which resisted other methods of treatment—until 
Chloresium therapeutic chlorophyll preparations 
were used. The published record* shows that the 
great majority of them not only responded rapidly 
to Chloresium’s chlorophyll therapy, but healed 
completely in a relatively short time. 


Faster healing of acute cases 


Chloresium has been equally effective in acute 
wounds and burns. Faster healing, less infection, 
less scar tissue formation have been obtained. 
In addition, Chloresium provides quick deodori- 
zation of foul-smelling conditions. 

This new approach to prompt, effective heal- 
ing is due to Chloresium’s proved ability to 
stimulate normal cell growth. It lets you give 
positive help to tissue in repairing itself. Try it 
on your most resistant case—it is completely 


nontoxic, bland and soothing. 


Chlorestum 


Solution (Plain); Ointment; Nasal and 
Aerosol Solutions 
Ethically promoted—at leading drugstores 


*BOEHME, E. J. The Treatment of The Lahey Clinic 
Chronic Leg Ulcers Bulletin, 4:242 
(1946) 
Bowers, Warner F. ll in Amer. J. Surgery, 
: Woun Healing and LX XIII:37 
Suppurative Disease (1947) 
Capy, Jos. B. and Treatment of Amer. J. Surgery, 
Morean, W. S. Chronic LXXV:4 (1948) 

with Chlorophyll 
Carpenter, E. B. Chlorophyll Therapy Amer. J. 
in 127 Cases of i Surgery, 
Osteomyelitis and 77:162(1949) 

Ulcers 

Jounson, Harotp M. Dermat Arch. Dermat. & 
evaluation... Syph. 57:348 (1948) 
LancLey, W. D. and Chlorophyll in the Penn. Med. 
Morean, W. S. Treatment of Journal, Vol. 51; 
matoses No. 1 (1948) 


NEW—Chloresium Dental Ointment and 
Tooth Paste now make chlorophyll therapy 
available for the treatment of Vincent’s infec- 
tions, gingivitis and other periodontal diseases. 


FREE—CLINICAL SAMPLES 


RYSTAN CO., INC. Dept. JM-8 


7 N. MacQuesten Pkwy., Mt. Vernon, N. Y. 

I want to try Chloresium on my most resistant case. 
Please send me, without obligation, clinical samples 
and complete literature. 
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Intent upon an experiment with a hot sample, he forgets 
lunch —again — and his need for more sensible diet and sup- 
plementary vitamin B complex grows more pronounced. For 
him, and other patients with avitaminosis B, Sur-BEx Tablets 
supply the high potency vitamin B such deficiency states 
require. SuR-BEX Tablets are filled with an abundance of 
natural and synthetic B factors, making them suitable for 
both preventive and corrective use. One, two or more tablets 
daily may be prescribed as indicated. For all their potency, 
Sur-BEX Tablets are pleasant and easy to take, because they are 
triple-coated to seal out moisture, seal in odors of liver, yeast, thia- 
mine and other ingredients. Pharmacists have them in bottles 
of 100, 500 and 1000. Remember—Sur-sex for dietary dubs. 


ABBOTT LABORATORIES, NORTH CHICAGO, ILLINOIS 


(ABBOTT’S VITAMIN B COMPLEX TABLETS) 


SUR-BEX WITH VITAMIN C contains the same rich store of vita- 
min B as regular Sur-BEx, plus 150 mg. ascorbic acid. Bright yellow, 
capsule-shaped tablets are supplied in bottles of 100, 500 and 1000. 


Each triple-coated Sur-sex Tablet contains natural 


and synthetic vitamins in these potencies: 
THIAMINE HYDROCHLORIDE............ 6 mg. 
(6 times MDR*) 
6 mg. 
(3 times MDR*) 
NICOTINAMIDE....................... 30 mg. 
(2 times RDA**) 
PYRIDOXINE HYDROCHLORIDE.......... 1 mg. 
PANTOTHENIC ACID.................. 10 mg. 
(as Calcium Pantothenate) 
LIVER FRACTION.............. 0.3 Gm. (5 grs.) 


(boiling water extract) 
BREWER’S YEAST, DRIED...0.15 Gm. (2% grs.) 
*Minimum Daily Requirement. 


**Recommended Daily Dietary Allowance. 
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...was developed to fill the 


“need for an insulin with 
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activity intermediate between 


that of regular insulin and that 


of protamine zinc insulin.”” 


IN 1939, Reiner, Searle and Lang described a new 


“intermediate acting” insulin. 


IN 1943, after successful clinical testing, the new sub- 
stance was released to the profession as ‘Wellcome’ 


brand Globin Insulin with Zinc ‘B. W. & Co.’ 


TODAY, according to Rohr and Colwell, “Fully 80% 
of all severe diabetics can be balanced satisfactorily” 
with Globin Insulin ‘B.W. & Co.’— or with a 2:1 mixture 
of regular insulin: protamine zinc insulin. Ready-to-use 
Globin Insulin ‘B. W. & Co.’ provides the desired inter- 
mediate action without preliminary mixing in vial or 


syringe. 
ee In 10 cc. vials, U-40 and U-80. 


1. Rohr, J.H., and Colwell, A.R.: Arch. Int. 
Med. 82:54, 1948. 


2. ibid Proc. Am. Diabetes Assn. 8:37, 1948. 


‘B.W.& CO. —a mark to remember 
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